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This research implies that a certain amount of conflict within a group is a natural 
stage that happens before it can work effectively. It means that within 
collaboration, conflict can be a healthy stage of the group’s development and it 
shouldn’t necessarily be avoided. 
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(1967), flatter structures are more advantageous when co-workers must work in a 
coordinated fashion and Shaw found that in complex tasks, it was less productive 
in groups to have centralized channels of communication where one person 
behaves as the hub of communication.  (Shaw, 1964). 
Anderson & Brown suggest that although there has been an “explosion of 
research on hierarchy in the last decade”, most of this research has focused 
largely on the individual and very little has examined the effect of hierarchy at 
the group level (2010). However, the existing research suggests that cooperation 
is likely to be more successful in a non-hierarchical structure, so it may well 
benefit the complex and highly coordinated process of film production. 
>%0)1059∗#+6∗%0(∗6+8%−&+)−)./0∗%∃%1/2+
!∀#?≅(#∋≅./)%&#%:#∋%Β(;#
Μ2!,.−!3&3#4!#2+.+5#1!ΝΤ7+#−!72!+,#!Η,#74)!78!+,#!∗∋+74!Τ#+<74(ΘΙ!∀7,2!;&<!<47+#!
&07/+!+,#!<&)!.2!<,.∋,!−7∃#!78!+,#!&33&4#2+!−/3#437<#4−!.2!+,#!<7451ι−!4#∋#2+!
,.−+74)!,&1!1.−&33#&4#1!<.+,.2!,7/4−!χΧδδΑε≅!β#!+&5(#1!&07/+!+,#!<&)!+,#!Ο7:.#+!
92.72!−##∃#1!+7!1.−−75:#!&21!,7<!.+!∃/−+!,&:#!0##2!0/.5+!72!.∃&Φ.2&4)!
34#−/∃3+.72−!+,&+!<#4#!Φ.:#2!+7!.+!0)!7+,#4!2&+.72&5!37<#4−≅!Μ2!+,#!5.Φ,+!78!∋/44#2+!
#:#2+−Ι!+,.−!∃&)!27+!,&:#!0##2!−7Ι!,7<#:#4Ι!;&<!<&−!72#!78!+,#!∃&.2!+,.2(#4−!
0#,.21!∗∋+74ΚΤ#+<74(!Η,#74)Ι!<,.∋,!,&−!0#∋7∃#!.2∋4#&−.2Φ5)!.285/#2+.&5!.2!
1#−∋4.0.2Φ!−7∋.&5!2#+<74(−≅!Μ+!&++#∃3+−!+7!1#−∋4.0#!+,#!2#+<74(!78!874∋#−!+,&+!∃&(#!
/3!&!−7∋.&5!−.+/&+.72≅!Μ+!−+&4+−!0)!1#8.2.2Φ!+,#!1.88#4#2+!37.2+−!78!874∋#!<.+,.2!+,#!
2#+<74(−!+,47/Φ,!577(.2Φ!&+!<,&+!&∋+/&55)!+&(#−!35&∋#≅!Μ+!&5−7!∃&(#−!27!1.−+.2∋+.72!
!∴Β!
0#+<##2!&2.∃&+#!&21!.2&2.∃&+#!70Γ#∋+−≅!∗!:.1#7!∋&∃#4&Ι!874!.2−+&2∋#Ι!∋7/51!35&)!
&2!.∃374+&2+!3&4+!.2!&!2#<−!4#374+!874!#Λ&∃35#Ι!&21!+,#!6/&5.+)!78!+,&+!∋&∃#4&!
<7/51!&88#∋+!+,#!∋72+#2+!+,&+!.−!∋7∃∃/2.∋&+#1≅!
!
∗∋+74!Τ#+<74(!Η,#74)!1#−∋4.0#−!&!−7∋.&5!−.+/&+.72!.2!+#4∃−!78!−.2Φ5#!ι&∋+&2+−ι!χ74!
&Φ#2+−ε!+,&+Ι!0)!+,#∃−#5:#−Ι!&4#!27!∃74#!74!27!5#−−!.285/#2+.&5!+7!+,#!<,75#!
2#+<74(!+,&2!&2)!7+,#4!ι&∋+&2+−ι!<.+,.2!+,&+!2#+<74(≅!Η,&+!.−!&3&4+!847∃!+,#!
&∋∋/∃/5&+.72!78!874∋#−!Φ4&2+#1!+7!.+!0)!7+,#4!ι&∋+&2+−ι≅!
!
Μ+!874∋#−!)7/!+7!577(!&+!+,#!.285/#2∋#!78!3&4+.∋/5&4!271#−!78!&!−7∋.&5!2#+<74(!&21!+7!
−##!<,#+,#4!.+−!.285/#2∋#!.−!0&−#1!72!∃#4.+!74!Γ/−+!,#&4−&)≅!β.#4&4∋,)!0&−#1!<.+,.2!
&2!74Φ&2.ϑ&+.72!.−!27+!2#∋#−−&4.5)!0&−#1!72!∃#4.+!&+!&55≅!%#∃0#4−!78!+,#!<74(874∋#!
&4#!&−−.Φ2#1!37−.+.72−!78!37<#4!874!:&4.7/−!7+,#4!4#&−72−Ρ!,7<!<#55!+,#)!4#5&+#!+7!
+,7−#!∃&(.2Φ!+,#!1#∋.−.72γ!<,#+,#4!+,#)!∋&2!3#4874∃!<#55!.2!&2!.2+#4:.#<!
−.+/&+.72γ!<,#+,#4!+,#)!,&:#!#27/Φ,!∃72#)!+7!0/)!+,#∃−#5:#−!.2+7!&!37−.+.72!78!
37<#4!#+∋≅!
!
Η,#!3,&2+7∃!78!37<#4!&47/21!∋#4+&.2!&∋+&2+−Ι!&∋∋741.2Φ!+7!∗∋+74!Τ#+<74(!Η,#74)Ι!
.−!∋4#&+#1!0#∋&/−#!7+,#4!&∋+&2+−!&557<!+,.−!+7!,&33#2≅!Μ+!.−!+,#4#874#!.∃374+&2+!
<.+,.2!&!272Κ,.#4&4∋,.∋&5!8.5∃∃&(.2Φ!347Γ#∋+!+7!#2−/4#!#&∋,!3&4+.∋.3&2+!.2:75:#1!
.2!&!347Γ#∋+!8##5−!#∃37<#4#1!&21!−#58Κ∋728.1#2+!#27/Φ,!+7!+&(#!+,#!347Γ#∋+!72!+7!
+,#!2#Λ+!−+#3!<.+,7/+!,&:.2Φ!+7!&−(!3#4∃.−−.72!78!&2)72#!#5−#≅!Η,.−!.−!78+#2!6/.+#!&!
3&4&1.Φ∃!−,.8+Ι!0/+!.+!.−!.∃374+&2+!+7!.2−+.5!.2!∃#∃0#4−≅!
!
∗!−#∋721!37.2+!&07/+!+,#!.∃35#∃#2+&+.72!78!272Κ,.#4&4∋,)Ι!4#Φ&41−!+,#!
4#−372−.0.5.+)!+,&+!#&∋,!.21.:.1/&5!+&(#−!<.+,.2!&!Φ47/3≅!Μ2!&!,.#4&4∋,)Ι!+,#!3#4−72!
&+!+,#!+73!−,7/51!+&(#!/5+.∃&+#!4#−372−.0.5.+)Ι!0/+!<74(#4−!57<#4!17<2!+,#!
−+4/∋+/4#!&4#!&∋+/&55)!1.4#∋+5)!4#−372−.05#≅!Ω.+,.2!∋755&074&+.72Ι!+,.−!4#−372−.0.5.+)!
−,7/51!0#!#6/&55)!−,&4#1!0#+<##2!#:#4)72#!.2:75:#1≅!Σ2#!∃#+,71!78!#2−/4.2Φ!+,.−!
.−!874!#&∋,!3&4+.∋.3&2+!+7!&∋∋#3+!4#−372−.0.5.+)!874!+,#!#2+.4#!347Γ#∋+Ι!<,.5−+!&+!+,#!
−&∃#!+.∃#!+7!&∋∋#3+!+,&+!#:#4)72#!#5−#!.−!&5−7!&++#∃3+.2Φ!+7!17!+,.−≅!∗5+#42&+.:#5)Ι!
.8!3&4+.∋.3&2+−!172κ+!&++#∃3+!+7!+&(#!4#−372−.0.5.+)Ι!+,#4#!.−!&!+#21#2∋)!874!#:#4)72#!
.2:75:#1!+7!<&.+!874!−7∃#72#!#5−#!+7!∃&(#!+,#!347Γ#∋+!,&33#2≅!
!
! ∴Χ!
Η,#!34.2∋.35#!847∃!+,#!∋,&4&∋+#4.−+.∋!78!+,#!3,&2+7∃!78!37<#4!.−Ρ!Ν<3∋/−%0∋2+0#+
−8∋∗)+4∃0)∗6+72+∃)+0)60(063∃9+7∗1∃3#∗+−∋/∗%#+#0&592+∃99−!+0∋_∀+Ο7!+,#!Φ/.1#5.2#!
.2!4#−372−#!+7!+,.−!34.2∋.35#!.−!+,&+!#:#4)!∃#∃0#4!78!+,#!∋7∃∃/2.+)!−,7/51!ΝΓ∃:∗+
8399+%∗#5−)#07090∋2+8−%+∋/∗+!/−9∗+5%−Ζ∗1∋Θ≅!Μ2!&!1.−+4.0/+#1!8.5∃∃&(.2Φ!347Γ#∋+Ι!
+,.−!<7/51!∃#&2!+,&+!#&∋,!∃#∃0#4!78!+,#!∋7∃∃/2.+)!−,7/51!∋72−.1#4!+,#!272Κ
,.#4&4∋,.∋&5Ι!73#2!∋755&074&+.:#!347Γ#∋+!&−!+,#.4−Ι!&21!&−(!+,#∃−#5:#−!+,#!6/#−+.72!
&−!+7!<,&+!<7/51!+,#)!0#−+!17!+7!,#53!.+!&572Φ!
!
1∀#9∗−);∗54)∗%/#%:#∋%Β(;#5.−(−#
ς,&45#−!>&4<.2!0#5.#:#1!+,&+!,.#4&4∋,.#−!<#4#!2#∋#−−&4)!874!Φ47/3−!+7!−/∋∋##1≅!β#!
<47+#Ρ!<Σ#∃%:∃+0∃)∀%∃?1.,2∀/%.&∋∗−%∀#∃%2∗;252;1.,(%)∋&:∋(2∗−%∀#∃%µ1∃−2.∗%∀+28∃(%
&1(∀%0∋+%.%,∋∗−%∀2&∃%+∃∀.+;%∀#∃2+%)252,27.∀2∋∗ΕΦ!χΧαΕδΡΧ∆∆ε≅!Μ2!8&∋+Ι!&!2/∃0#4!78!
+,#74.−+−!,&:#!&4Φ/#1!+,&+!,.#4&4∋,.#−!&4#!0.757Φ.∋&55)!14.:#2!.2!,/∃&2!0#.2Φ−!&21!
3&4+!78!7/4!#:75/+.72&4)!,#4.+&Φ#!χ_&4(7<Ι!Χδ][Ι!µ.05Κµ.0#−8#51+Ι!Χδαδε≅!
∗2+,473757Φ.−+−Ι!>&:.1!ϕ4&#0#4!&21!β&4751!_&4∋5&)Ι!1.−3/+#!+,.−≅!_7+,!78!+,#∃!∋.+#!
375.+.#−!+,&+!#Λ.−+!<.+,7/+!788.∋.&5!874∃−!78!5#&1#4−,.3Ρ!+,#!Μ2/.+Ι!+,#!Ο&2Ι!+,#!
?)Φ∃.#−Ι!+,#!φ/47(Ι!+,#!;/Φ0&4&Ι!+,#!Ξ72(7∃0&Ι!+,#!Η.:Ι!+,#!Η72Φ&Ι!+,#!∗2/&(Ι!+,#!
Μ07Ι!+,#!Μ8/Φ&7Ι!+,#!;&21!>&)&(−Ι!+,#!Τ/#4Ι!+,#!Ο&∃#(Ι!+,#!;&33−Ι!+,#!Μ∃&ϑ.Φ,#2Ι!
+,#!Ο&2+#5−Ι!+,#!?.&47&Ι!+,#!%&5&Φ&−)≅!Μ2+#4#−+.2Φ5)Ι!ϕ4&#0#4!&4Φ/#−!.2!,.−!077(!
Ν=4&Φ∃#2+−!78!&2!∗2&4∋,.−+!∗2+,473757Φ)Θ!+,&+!.+!.−!34#∋.−#5)!0#∋&/−#!+,#−#!
∋7∃∃/2.+.#−!&4#!272Κ,.#4&4∋,.∋&5!+,&+!+,#.4!∋7∃∃/2.+.#−!&4#!27+!:#4)!<#55!(27<2≅!
β.#4&4∋,.#−!&4#!#&−.#4!+7!∋&+#Φ74.ϑ#!&21!+,#4#874#!#&−.#4!+7!+&5(!&07/+≅!Η,#)!
3#4,&3−!+&(#!5#−−!+.∃#!+7!4.−#Ι!0/+!&5−7!5#−−!+.∃#!+7!8&55!&−!<#55≅!
!
_&4∋5&)!+&5(−!&07/+!87/4!∃&.2!+)3#−!78!5#&1#4−,.3Ι!<,.∋,!∋72+.2/&55)!0/005#!&<&)!
/21#42#&+,!+,#!−(.2!78!+,#−#!ι5#&1#45#−−ι!∋7∃∃/2.+.#−≅!β7<#:#4Ι!#&∋,!78!+,#−#!
37<#4!0&−#−!<74(!+7!(##3!#&∋,!7+,#4!.2!∋,#∋(≅!
_&4∋5&)!5.−+−!+,#∃!&−Ρ!
Χ≅ Γ/∗+Ψ04+δ∃)!Κ!Ν+,#!72#!<,7!&∋6/.4#−!&!∋#2+4&5!37−.+.72!78!.285/#2∋#!.2!+,#!
∋7∃∃/2.+)!&21!&!87557<.2Φ!78!∋5.#2+−!&−!&!4#−/5+!78!,.−!<#&5+,Ι!,.−!&0.5.+)!+7!
3#4−/&1#!&21!+7!74&+#Θ!
Α≅ Γ/∗+Γ∗1/)010∃)!Κ!Ν72#!<,7!.−!&!Φ771!,/2+#4!∋755#∋+−!&47/21!,.∃!&!
87557<.2Φ!<,.∋,!.−!<.55.2Φ!+7!17!,.−!0.11.2Φ!&21!0#!8#1Θ!
!∴Α!
Ε≅ Γ/∗+γ−92+δ∃)!Κ!Ν+,47/Φ,!−7∃#!4#5.Φ.7/−!.1#757Φ)!≅≅≅!&!34#−+.Φ.7/−!3#4−72!+7!
<,7∃!&55!:75/2+&4.5)!1#8#4Ι!3&4+.∋/5&45)!&−!&!∃#1.&+74!78!1.−3/+#−Θ!
∆≅ Γ/∗+Λ96+δ∃)!π!!Ν+,#!5#&1.2Φ!∃#∃0#4!78!+,#!∋7∃∃/2.+)!−.∃35)!0)!0#.2Φ!+,#!
−#2.74!∃&5#!∃#∃0#4!78!+,#!(.2!Φ47/3Θ!χΧδδΒΡΧΕΕε!
!
Μ+!.−!.∃∃#1.&+#5)!27+.∋#&05#!+,&+!+,#−#!+)3#−!78!5#&1#4−,.3!&4#!∃&5#!74.#2+#1≅!
_&4∋5&)!<4.+#−!&+!+,#!0#Φ.22.2Φ!78!,.−!077(Ρ!<Α#2,∃%∀#∃(∃%(∋)2∃∀2∃(%,.)Η%−∋5∃+∗&∃∗∀6%
.(%9∃%(#.,,%(∃∃6%:.∀+2.+)#/%∋0∀∃∗%:+∃5.2,(∴%.%Η2∗;%∋0%−∃+∋∗∀∋)+.)/%∋+%;∋&2∗.∀2∋∗%8/%
∀#∃%∋,;%&∃∗%2(%∗∋∀%1∗)∋&&∋∗∴%+∃,2−2∋1(%(.∗)∀2∋∗(%.+∃%+.&:.∗∀∴%)#2,;+∃∗%.+∃%
2∗5.+2.8,/%2∗%.%(∃)∋∗;%),.((δ%:∋(2∀2∋∗∴%9∋&∃∗%.+∃%+.+∃,/%∀+∃.∀∃;%2∗%.∗/%9./%∃?1.,%∀∋%
&∃∗ΕΦ!
!
Μ8!+,#!Φ#21#4!.−!−+4.33#1!&<&)!847∃!+,#−#!37+#2+.&5!+)3#−!78!5#&1#4−,.3Ι!+,#2Ι!+,#!
5.−+!78!37<#4!−7/4∋#−!.−!&−!87557<−Ρ!
Χ≅ Ω#&5+,!
Α≅ Ο(.55!
Ε≅ %74&5.+)!
∆≅ Ω.−17∃!
!
Η,#!37−−#−−.72!78!&2)!78!+,#−#!4#−7/4∋#−!Φ#2#4&+#−!4#−3#∋+!847∃!7+,#4−!<.+,.2!&!
∋7∃∃/2.+)≅!∗!272Κ,.#4&4∋,.∋&5!−+4/∋+/4#!−,7/51!27+!.Φ274#!+,#−#!37+#2+.&5!−7/4∋#−!
78!37<#4Ι!0/+!4&+,#4!−,7/51!+4)!&21!/−#!+,#∃!.2!&!1.88#4#2+!<&)≅!Ω,#4#&−!_&4∋5&)!
1#8.2#−!ι37<#4ι!&−!<∀#∃%.82,2∀/%∀∋%−∃∀%∋∀#∃+(%∀∋%;∋%9#.∀%/∋1%9.∗∀%∀#∃&%∀∋%;∋Φ!
χΧδδΒΡΑΒεΙ!Μ&2#557!<4.+#−!+,&+!37<#4!∋7/51!&5−7!0#!1#8.2#1!&−!<Ψ∗/%.)∀252∀/%9#∃+∃%
∀#∃+∃%2(%.))∋&:,2(#&∃∗∀6%(.∀2(0.)∀2∋∗%∋0%∗∃∃;(6%&1∀1.,%.∀∀.2∗&∃∗∀%∋0%−∋.,(%∗∋∀%
;2(∀∋+∀∃;%8/%1∗0∋+∀1∗.∀∃%ο%∀#.∀%2(%∀#9.+∀2∗−%ο%∃Τ:∃+2∃∗)∃ΦχΧδδΑΡ∆Εε≅!Ψ&+,#4!+,&2!
,&:.2Φ!+,#!&0.5.+)!+7!17∃.2&+#!7+,#4−Ι!37<#4!∋&2!0#!1#8.2#1!&−!+,#!&0.5.+)!+7!Φ#+!
−7∃#+,.2Φ!172#≅!
!
Μ8!+,#!5&++#4!1#8.2.+.72!.−!+&(#2Ι!#&∋,!78!+,#−#!87/4!4#−7/4∋#−!.−!1#−.4&05#!874!+,#!
<,75#!∋7∃∃/2.+)Ι!#:#2!.8!.21.:.1/&5−!−##(!+7!&++&.2!+,#∃≅!Μ2!&!272Κ,.#4&4∋,.∋&5!
#2:.472∃#2+Ι!+,#2Ι!+,7−#!<.+,!37−−#−−.72!78!+,#−#!&4#&−!78!37<#4!−,7/51!+&(#!+,#!
4#−372−.0.5.+)!+7!#2−/4#!+,&+!+,#.4!3&4+.∋/5&4!&4#&!78!5#&1#4−,.3!.−!&2!&−−#+!874!+,#!
<,75#!∋7∃∃/2.+)≅!
! ∴Ε!
!
Ω.+,.2!&2)!Φ47/3!78!.21.:.1/&5−Ι!−7∃#!&4#!∃74#!∋&3&05#!+,&2!7+,#4−≅!ϕ47/3!
∃#∃0#4−!<.55!2&+/4&55)!,&:#Ι!+,#4#874#Ι!1.88#4.2Φ!5#:#5−!78!37<#4≅!Η,#!(#)!34.2∋.35#!
,#4#Ι!+,#2Ι!.−!+,&+!+,#)!17!27+!/−#!+,#.4!37<#4!+7!17∃.2&+#!7+,#4−!.2!+,#!Φ47/3Ι!0/+!
.2−+#&1!+,&+!+,#)!/−#!+,&+!37<#4!−7!+,&+!+,#!347Γ#∋+Ι!&−!&!<,75#Ι!&∋,.#:#−!2#<!
70Γ#∋+.:#−≅!Ο#∋7215)Ι!&−!,&−!0##2!−##2Ι!+,#4#!&4#!&!2/∃0#4!78!1.88#4#2+!+)3#−!78!
37<#4≅!Μ+!−,7/51!274∃&55)!<74(!∃7−+!−∃77+,5)!.8!&2!.21.:.1/&5!#2−/4#−!+,&+!+,#.4!
37<#4!.−!/−#1!∃7−+5)!.2!&!347Γ#∋+!.2!725)!72#!78!+,#!&4#&−Ρ!Ω#&5+,Ι!Ο(.55Ι!%74&5.+)!74!
Ω.−17∃≅!Μ2!+,#!∋&−#!78!1.−+4.0/+#1!8.5∃∃&(.2ΦΙ!3#4,&3−!+,#−#!∋7/51!#6/&+#!+7Ρ!
Χ≅ ?&4+.∋.3&2+−!<,7!347:.1#!&!0/1Φ#+!
Α≅ ?&4+.∋.3&2+−!<,7!,&:#!3&4+.∋/5&4!8.5∃∃&(.2Φ!−(.55−!
Ε≅ ?&4+.∋.3&2+−!<,7!/3(##3!+,#!34.2∋.35#−!78!73#22#−−Ι!∋755&074&+.72!&21!272Κ
,.#4&4∋,)!.2!8.5∃∃&(.2Φ!
∆≅ ?&4+.∋.3&2+−!<,7!/21#4−+&21!,7<!+7!+&(#!&!347Γ#∋+!874<&41!&−!&!Φ47/3!
!
Μ+!.−!∋5#&4!847∃!+,.−!5.−+!+,&+!3&4+.∋.3&2+−!.2!&!272Κ,.#4&4∋,.∋&5!−)−+#∃!−,7/51!+4)!
&21!−,&4#!+,#!57&1!<,#4#:#4!37−−.05#Ι!0/+!Φ.:#2!+,#!57&1!.−!5.(#5)!+7!0#!/2#6/&5!
&∃72Φ−+!&2)!Φ47/3!78!,/∃&2!0#.2Φ−Ι!+,#2!&!1.−+4.0/+.72!78!37<#4!0&−#−!.−!0#++#4!
+,&2!&2!.21.:.1/&5!.2!∋72+475!78!+,#!<,75#!347Γ#∋+≅!
!
Η,#!34.2∋.35#!847∃!+,#!∋,&4&∋+#4.−+.∋!78!+,#!1.−+4.0/+.72!78!37<#4!0&−#−!.−Ρ!ΝΥ−!∗%+
)∃∋3%∃992+∃11%3∗#+&−%∗+5−!∗%_∀+Ο7!+,#!Φ/.1#5.2#!.2!4#−372−#!+7!+,.−!34.2∋.35#!.−!
+,&+!#:#4)!∃#∃0#4!78!+,#!∋7∃∃/2.+)!−,7/51!Ν<(−06+6−&0)∃∋0)4+−∋/∗%#Θ≅!Μ2!&!
1.−+4.0/+#1!8.5∃∃&(.2Φ!347Γ#∋+Ι!#&∋,!∃#∃0#4!,&−!&!∋#4+&.2!&∃7/2+!78!37<#4!+7!17!
−7∃#+,.2Φ!+7<&41−!+,#!Φ7&5−!78!+,#!347Γ#∋+!#:#2!.8!.+!.−!Γ/−+!+,#!#Λ34#−−.72!78!&2!
73.2.72≅!β7<#:#4Ι!+,.−!−,7/51!27+!0#!/−#1!+7!−+73!7+,#4!∃#∃0#4−!847∃!&∋,.#:.2Φ!
<,&+!+,#)!<&2+Ι!0/+!4&+,#4!−,7/51!&∋,.#:#!−7∃#+,.2Φ!&572Φ−.1#!+,#!&∋,.#:#∃#2+−!
78!7+,#4!∃#∃0#4−≅!
!
8∀#Κ4−∋∗3∗%/#%:#∋%Β(;#&%/0(;−#
Μ2!&!,.#4&4∋,.∋&5!∋7∃∃/2.+)Ι!+,#!,.Φ,#4!/3!+,#!−∋&5#!+,&+!&2!.21.:.1/&5!∋5.∃0−Ι!+,#!
∃74#!ι−+&+/−ι!&2!.21.:.1/&5!&∋∋4/#−Ι!&21!+,#!∃74#!4#−3#∋+!+,&+!7+,#4!∋7∃∃/2.+)!
∃#∃0#4−!&4#!∋7#4∋#1!+7!788#4!+7!+,&+!.21.:.1/&5≅!β7<#:#4Ι!:&5/#−!&4#!.2,#4#2+5)!
1.88#4#2+!<.+,.2!&!272Κ,.#4&4∋,.∋&5!−)−+#∃≅!_7+,!ϕ4&#0#4!&21!_&4∋5&)!<4.+#!&07/+!
!∴∆!
4#∋.347∋&5!4#5&+.72−,.3−!0#.2Φ!∋4/∋.&5!.2!&!5#&1#45#−−!∋7∃∃/2.+)≅!_7+,!&5−7!37.2+!
7/+!+,#!.∃374+&2∋#!78!&++.+/1#−!78!−/−3.∋.72!+,&+!&4.−#!<,#2!−7∃#72#!−+&4+−!+7!
0#∋7∃#!:.−.05)!∃74#!37<#48/5!+,&2!+,#!4#−+!78!+,#!∋7∃∃/2.+)≅!Μ+!.−!+,#!
4#−372−.0.5.+)!78!#&∋,!∃#∃0#4!78!+,#!4#−+!78!+,#!∋7∃∃/2.+)!+7!577(!7/+!874!+,.−!
,&33#2.2Φ!+7!7+,#4!∃#∃0#4−!&21!+7!37.2+!7/+!+,#!−.+/&+.72!.8!&2!.21.:.1/&5Ι!#.+,#4!
∋72−∋.7/−5)!74!.2&1:#4+#2+5)Ι!.−!0/.5+!/3!.2!+,.−!<&)≅!Η,.−!.−!70:.7/−5)!27+!Φ7.2Φ!+7!
,&33#2!3471/∋+.:#5)!.8!+,#4#!.−!27+!&!4#5&+.72−,.3!−+4/∋+/4#!+7!−/3374+!+,.−≅!Ο7!
4&+,#4!+,&2!&∋+.:#5)!0/.51.2Φ!&2!#2:.472∃#2+!78!−/−3.∋.72Ι!+,#!(#)!+7!#2&05.2Φ!+,.−!
+7!,&33#2!∃7−+!#88#∋+.:#5)!.−!0)!1#:#573.2Φ!+,#!4#5&+.72−,.3−!0#+<##2!∋7∃∃/2.+)!
∃#∃0#4−≅!
!
Η,#!34.2∋.35#!847∃!+,#!∋,&4&∋+#4.−+.∋!78!+,#!−/−3.∋.72!78!37<#4!∃72Φ#4−!.−Ρ!
ΝΠ9∃0&#+−8+5−!∗%.&−)4∗%0)4+1∃)+−8∋∗)+−88∗)6_∀+Ο7!+,#!Φ/.1#5.2#!.2!4#−372−#!+7!
+,.−!34.2∋.35#!.−!+,&+!#:#4)!∃#∃0#4!78!+,#!∋7∃∃/2.+)!−,7/51!Ν∆∗(∗9−5+1%0∋01∃9+
%∗9∃∋0−)#/05#+!0∋/0)+∋/∗+1−&&3)0∋2Θ≅!Μ2!&!1.−+4.0/+#1!8.5∃∃&(.2Φ!347Γ#∋+Ι!+,.−!
,&33#2−!2&+/4&55)!.8!3&4+.∋.3&2+−!.2+#4&∋+!<.+,!#&∋,!7+,#4Ι!4&+,#4!+,&2!Γ/−+!<.+,!+,#!
8&∋.5.+&+74≅!Η,#4#874#!&∋+.:.+.#−!+,&+!−/3374+!+,#!0/.51.2Φ!/3!78!4#5&+.72−,.3−!<.+,.2!
+,#!∋7∃∃/2.+)!0/+!7/+−.1#!78!+,#!8&∋.5.+&+74!−,7/51!0#!#2∋7/4&Φ#1≅!
!
β&:.2Φ!577(#1!&+!−7∃#!78!+,#!34.2∋.35#−!78!272Κ,.#4&4∋,)Ι!&!−#+!78!Φ/.1#5.2#−!∋&2!0#!
1#4.:#1!847∃!+,#!8.#51!78!272Κ,.#4&4∋,)Ρ!!
!
Υ−!∗%+Υ/∃)∋−&,+
?4.2∋.35#Ρ!∗2!.21.:.1/&5!78+#2!Φ&.2−!&/+,74.+)!0#∋&/−#!7+,#4−!−.∃35)!&557<!.+≅!
ϕ/.1#5.2#Ρ!µ&∋,!∃#∃0#4!−,7/51!+&(#!8/55!4#−372−.0.5.+)!874!+,#!<,75#!347Γ#∋+≅!
!
Υ−!∗%+∆0#∋%073∋0−),+
?4.2∋.35#Ρ!?7<#4!2&+/4&55)!&∋∋4/#−!∃74#!37<#4≅+
ϕ/.1#5.2#Ρ!∗:7.1!17∃.2&+.2Φ!7+,#4−≅!
!
Φ3#5010−)+−8+Υ−!∗%+δ−)4∗%0)4,+
?4.2∋.35#Ρ!ς5&.∃−!78!17∃.2&+.72!∋&2!78+#2!788#21≅!
ϕ/.1#5.2#Ρ!>#:#573!∋4.+.∋&5!4#5&+.72−,.3−!.2!+,#!∋7∃∃/2.+)≅!
!
! ∴[!
=47∃!+,#−#!+,4##!34.2∋.35#−Ι!+,#2Ι!+,#!Φ/.1#5.2#−!874∃!+,#!?75.∋)!78!Τ72Κ,.#4&4∋,)!
.2!+,.−!+,#−.−≅!Η,#−#!Φ/.1#5.2#−!&4#!+#−+#1!.2!8.:#!725.2#!1.−+4.0/+#1!8.5∃∃&(.2Φ!
347Γ#∋+−!5&+#4!.2!+,.−!+,#−.−Ι!&21!+,#!4#−/5+−!<.55!8##1!.2+7!+,#!∋4#&+.72!78!#∃#4Φ#2+!
375.∋.#−!+,&+!−/3374+!725.2#!1.−+4.0/+.:#!8.5∃∃&(.2Φ≅!!
!
β&:.2Φ!577(#1!04.#85)!&+!272Κ,.#4&4∋,)!.2!Φ#2#4&5Ι!+,.−!+,#−.−!27<!577(−!&+!,7<!
∃/5+.35#!&Φ#2+−!∃&(#!1#∋.−.72−!&21!∋4#&+#!72!+,#!∃.∋47Κ5#:#5Ι!&21!,7<!+,#)!∃.Φ,+!
0#!&05#!+7!∋72+4.0/+#!+7<&41−!&!∃&∋47Κ5#:#5!−75/+.72!+7!&!3&4+.∋/5&4!34705#∃≅!=74!
+,.−!.+!577(−!+7!+,#!8.#51!78!−<&4∃!.2+#55.Φ#2∋#Ι!&21!1#8.2#−!+,4##!∃74#!Φ/.1#5.2#−!
874!1.−+4.0/+#1!8.5∃∃&(.2Φ≅!
!
Ε!∃%&+Ι)∋∗9904∗)1∗+
Η∗80)0∋0−)+
!
_#874#!+,#!+#4∃!ΝΟ<&4∃!.2+#55.Φ#2∋#Θ!.−!1#8.2#1Ι!+,#!∋72∋#3+!78!+,#!−<&4∃!.+−#58!
−,7/51!0#!#Λ3574#1≅!?&4/2&(!&21!_4/#∋(2#4!1#8.2#!Ν−<&4∃.2ΦΘ!&−!<1(∃01,%(∃,0Π
∋+−.∗27.∀2∋∗%∋0%&1,∀2:,∃%∃∗∀2∀2∃(%∀#+∋1−#%,∋).,%2∗∀∃+.)∀2∋∗(Φ!χΑΒΒ∆ΡΕ∆Χε≅!_/,5!#+!&5≅!
χΑΒΒ∴ΡΧ∆ΒΑΚΧ∆Β∴ε!1#∃72−+4&+#1!+,&+!+,#4#!<&−!&!∋4.+.∋&5!1#2−.+)!874!+,#!72−#+!78!
∋7741.2&+#1!∃&4∋,.2Φ!.2!57∋/−+!2)∃3,−≅!=47∃!+,.−!.+!∋&2!0#!−##2!+,&+!+,#4#!.−!&!
1.88#4#2∋#!0#+<##2!&!∋755#∋+.72!78!.21.:.1/&5−!&21!+,#!0#,&:.7/4!78!&!−<&4∃≅!
Ψ#)2751−!χΧδα]ε!<&−!&05#!+7!−.∃/5&+#!+,#!∃7+.72!78!&!−<&4∃!.2!&!∋7∃3/+#4!
347Φ4&∃!/−.2Φ!#&∋,!#2+.+)!.∃35#∃#2+#1!&−!&2!.21#3#21#2+!&∋+74!+,&+!2&:.Φ&+#−!
&∋∋741.2Φ!+7!.+−!57∋&5!3#4∋#3+.72!78!+,#!1)2&∃.∋!#2:.472∃#2+≅!β#!.1#2+.8.#1!+,&+!
725)!+,4##!0#,&:.7/4−!<#4#!2#∋#−−&4)!+7!−.∃/5&+#!&!−<&4∃Ρ!
!
ΒΕ γ∋,,2(2∋∗%Ψ5∋2;.∗)∃4%∀#∃%.82,2∀/%∀∋%.5∋2;%)∋,,2(2∋∗(%92∀#%∗∃.+8/%0,∋)Η&.∀∃(%
∆Ε π∃,∋)2∀/%&.∀)#2∗−4%∀#∃%.∀∀∃&:∀%∀∋%&.∀)#%5∃,∋)2∀/%92∀#%∗∃.+8/%0,∋)Η&.∀∃(%
ΝΕ µ,∋)Η%)∃∗∀+2∗−4%∀#∃%.∀∀∃&:∀%∀∋%(∀./%),∋(∃%∀∋%∗∃.+8/%0,∋)Η&.∀∃(%
!
Μ2!741#4!+7!/−#!−<&4∃!1)2&∃.∋−!.2!+,#!347∋#−−!78!8.5∃∃&(.2ΦΙ!+,#2Ι!+,.−!+,#−.−!27<!
577(−!&+!+,#!.2+#55.Φ#2∋#!+,&+!∋&2!0#!1#4.:#1!847∃!&!−<&4∃≅!
Ο<&4∃!Μ2+#55.Φ#2∋#!1#−∋4.0#−!+,#!∋755#∋+.:#!0#,&:.7/4!78!1#∋#2+4&5.ϑ#1Ι!−#58Κ
74Φ&2.ϑ#1!−)−+#∃−Ι!2&+/4&5!74!&4+.8.∋.&5≅!>#2#/07/4Φ!1#∃72−+4&+#1!+,&+!+,47/Φ,!
!∴∴!
−<&4∃!.2+#55.Φ#2∋#Ι!&2+−!∋&2!1#+#4∃.2#!+,#!−,74+#−+!3&+,!0#+<##2!+<7!37.2+−!
χΧδδΒεγ!.2−#∋+Κ5.(#!4707+−!∋&2!.285/#2∋#!+,#!0#,&:.7/4!78!5.:#!∋7∋(47&∋,#−!χς&34&4.Ι!
ΑΒΒ∆εγ!−<&4∃−!78!4707+−!&4#!&05#!+7!∋5/−+#4!70Γ#∋+−!&/+727∃7/−5)!<.+,7/+!0#.2Φ!
34#Κ347Φ4&∃∃#1!74!1.4#∋+5)!∋72+4755#1!χ_#∋(#4−Ι!Χδδ∆εγ!Ο.∃.5&4!+)3#−!78!1&+&!∋&2!
−#58Κ74Φ&2.−#!&21!0#!∋5/−+#4#1!.2!&!−78+<&4#!#2:.472∃#2+!χ;/∃#4Ι!ΑΒΒ∆ε≅!
!
∀#5∃#4!:&2!∗−+!1#−∋4.0#−!−<&4∃!.2+#55.Φ#2∋#!&−Ρ!
!
Σ#∃%2∗∀∃,,2−∃∗∀%8∃#.52∋+%∋0%−+∋1:(%∋0%2∗;252;1.,(%∀#.∀%&./%2∗%∀#∃&(∃,5∃(%#.5∃%
∋∗,/%.%5∃+/%,2&2∀∃;%2∗∀∃,,∃)∀1.,%).:.)2∀/Ε%Ψ%−∋∋;%∃Τ.&:,∃%2(%∀#∃%8∃#.52∋+%∋0%.∗∀%
)∋,∋∗2∃(Ε%Α#2,∃%2∗;252;1.,%.∗∀(%#.5∃%∋∗,/%5∃+/%,2&2∀∃;%).:.82,2∀2∃(%∋0%(∃∗(2∗−%
∀#∃2+%∃∗52+∋∗&∃∗∀6%&.Η2∗−%;∃)2(2∋∗(6%.∗;%(∀∋+2∗−%2∗0∋+&.∀2∋∗6%∀#∃%)∋,∋∗/%.(%.%
9#∋,∃%2(%5∃+/%).:.8,∃%2∗%∀#∃(∃%+∃(:∃)∀(Ε%Ζ∃∃∗%0+∋&%.%;2(∀.∗)∃6%∀#∃%)∋,∋∗/%.,&∋(∀%
.)∀(%.(%∋∗∃%∋+−.∗2(&%(∃.+)#2∗−%2∀(%∃∗52+∋∗&∃∗∀%0∋+%0∋∋;%92∀#%2∀(%&.∗/%(∃∗(∋+(6%
(∀∋+2∗−%2∗0∋+&.∀2∋∗%2∗%2∀(%(∀+1)∀1+∃%.∗;%2∗%∀#∃%)#∃&2).,%:.∀∀∃+∗(%2∗(2;∃%.∗;%
(1++∋1∗;2∗−%2∀Ε%=∆ΜΒΜ>Ε%
!
Σ2#!3&4+.∋/5&4!&4#&!<,#4#!4#−#&4∋,!.2+7!−<&4∃!.2+#55.Φ#2∋#!,&−!0##2!3/+!+7!Φ771!
#88#∋+!.−!.2!+#5#∋7∃∃/2.∋&+.72−!2#+<74(−≅!>/∋&+#55#!#+!&5!χΑΒΧΒ!3≅ε!−+&+#1!+,&+!.2!
∋7∃3&4.−72!<.+,!+73Κ17<2!&3347&∋,#−!+7!1#∋.1.2Φ!+,#!0#−+!47/+#!+,47/Φ,!+,#−#!
2#+<74(−Ι!Ο<&4∃!Μ2+#55.Φ#2∋#!−,7<−!.+−#58!+7!0#!∃74#!&1&3+.:#Ι!∃74#!470/−+Ι!∃74#!
−∋&5&05#!&21!&5−7!∃74#!374+&05#≅!>/∋&+#55#!577(#1!&+!2&+/4&5!−7∋.&5!−+4/∋+/4#−!+,&+!
&2+−!/−#!&21!&335.#1!+,#!34.2∋.35#−!+7!+#5#∋7∃∃/2.∋&+.72−!2#+<74(−!+7!8.21!+,#!
6/.∋(#−+!∋7∃∃/2.∋&+.72!47/+#−!0#+<##2!+<7!271#−!.2!&!2#+<74(≅!∗2+−!&4#!
.2+#4#−+.2Φ!.2!+,.−!4#−3#∋+!0#∋&/−#!#&∋,!&2+!0)!.+−#58!,&−!5.++5#!04&.2!∋&3&∋.+)≅!!
!
Ο.∃.5&45)Ι!Ο5.∃#!%7/51!&−!&!Φ47/3!,&−!#:75:#1!∋7∃35#Λ!−#58Κ74Φ&2.ϑ.2Φ!−+4/∋+/4#−!
.2!741#4!+7!8.21!8771≅!Η7−,.)/(.!Τ&(&Φ&(.Ι!3478#−−74!78!=/+/4#!92.:#4−.+)!β&(71&+#Ι!
∀&3&2Ι!,&−!1.−∋7:#4#1!+,&+!&5+,7/Φ,!+,#!∃7/51!.−!&!04&.25#−−!74Φ&2.−∃Ι!.+!∋&2!−#58Κ
74Φ&2.ϑ#!+7!−75:#!+,#!34705#∃!78!8.21.2Φ!.+−!<&)!7/+!78!&!∃&ϑ#≅!χ>#∃#+4.7/Ι!ΑΒΧΧε≅!
!
Μ8!&2+−!∋&2!0#2#8.+!847∃!&∋+.2Φ!&−!&!∋755#∋+.:#!+,47/Φ,!−<&4∃!.2+#55.Φ#2∋#Ι!&4#!+,#4#!
375.∋.#−!+,&+!∋&2!0#!1#4.:#1!847∃!+,.−!8.#51!+,&+!∋7/51!,#53!∃#∃0#4−!78!&!
1.−+4.0/+#1!8.5∃!∋755#∋+.:#!∃&(#!&!8.5∃!
! ∴]!
!
Ο<&4∃!.2+#55.Φ#2∋#!.−!27+!Γ/−+!∋47<1!−7/4∋.2ΦΙ!<,#4#!&!∋72+4755.2Φ!3&4+)!74Φ&2.−#−!
&!<74(!874∋#!+7!3&4+.∋.3&+#!.2!+,#.4!&Φ#21&≅!Η,#!&Φ#2+−!.2!−<&4∃!.2+#55.Φ#2∋#!&4#!
27+!∋7∃∃.++#1!+7!&2)!,.Φ,!5#:#5!35&2Ι!0/+!3#4874∃!−.∃35#!375.∋.#−!72!&!57∋&5!5#:#5!
+,&+!&∃7/2+!+7!&!∋7∃35#Λ!−75/+.72!&+!&!,.Φ,#4!5#:#5≅!Η&(#!874!.2−+&2∋#!+,#!+#4∃.+#!
,#53.2Φ!+7!∋72−+4/∋+!:#4)!−73,.−+.∋&+#1!&2+,.55−Ι!+,7/−&21−!78!+.∃#−!0.ΦΦ#4!+,&2!
+,#)!&4#Ι!<.+,!#5&074&+#!+/22#5!−)−+#∃−!+,&+!#:#2!.2∋74374&+#!+,#!∋7∃35#Λ.+.#−!78!
&.4Κ∋721.+.72.2Φ≅!
!
Ο<&4∃!.2+#55.Φ#2∋#!−+&21−!.2!7337−.+.72!+7!+4&1.+.72&5!∃71#5−!+,&+!,&:#!&2!
#∃3,&−.−!72!∋72+475Ι!34#Κ347Φ4&∃∃.2Φ!&21!∋#2+4&5.ϑ&+.72!∋7∃3&4#1!<.+,!
347∋#−−#−!+,&+!8#&+/4#!&/+727∃)Ι!#∃#4Φ#2∋#!&21!1.−+4.0/+#1!8/2∋+.72.2ΦΙ!<,.∋,!
<7/51!−/.+!+,#!&.∃−!78!+,.−!+,#−.−≅!!
!
Ζ9.+&%2∗∀∃,,2−∃∗)∃%9.(%02+(∀%1(∃;%]%2∗%∀#∃%)∋∗∀∃Τ∀%∋0%)∃,,1,.+%+∋8∋∀2)%(/(∀∃&(6%
9#∃+∃%&.∗/%(2&:,∃%.−∃∗∀(%∋))1:/%∋∗∃Π%∋+%∀9∋Π;2&∃∗(2∋∗.,%∃∗52+∋∗&∃∗∀(%∀∋%
−∃∗∃+.∀∃%:.∀∀∃+∗(%.∗;%(∃,0%∋+−.∗2(∃%∀∋%∗∃.+∃(∀Π∗∃2−#8∋1+%2∗∀∃+.)∀2∋∗(Ε%%]%Ι3∀%
2∗),1;∃(Κ%.∗/%.∀∀∃&:∀%∀∋%;∃(2−∗%.,−∋+2∀#&(%∋+%;2(∀+281∀∃;%:+∋8,∃&Π(∋,52∗−%
;∃52)∃(%2∗(:2+∃;%8/%∀#∃%)∋,,∃)∀25∃%8∃#.52∋1+%∋0%(∋)2.,%2∗(∃)∀%)∋,∋∗2∃(%.∗;%∋∀#∃+%
.∗2&.,%(∋)2∃∀2∃(Ε%=Γ∋∗.8∃.16%Β4α>%
!
Ο<&4∃!.2+#55.Φ#2∋#!.−!&07/+!+,#!37+#2+.&5!.2+#55.Φ#2∋#!+,&+!∋&2!0#!1#4.:#1!847∃!
∋755#∋+.:#5)!−+4/∋+/4.2Φ!−.∃35#!&Φ#2+−Ι!0/+!∋7/51!+,#−#!−&∃#!−+4/∋+/4#−!0#!
#∃357)#1!<.+,!.2+#55.Φ#2+!&Φ#2+−!+7!&/Φ∃#2+!&21!#2,&2∋#!+,#.4!∋755#∋+.:#!<.−17∃!
!
Η,#!2#Λ+!−#∋+.72!7/+5.2#−!+,4##!∋,&55#2Φ#−!&21!+<7!0#2#8.+−!78!−<&4∃!.2+#55.Φ#2∋#!
!
</∃99∗)4∗#+−8+#!∃%&+0)∋∗9904∗)1∗+
!∀#Λ.3Φ#%:#∃%/);%6#
Η,#4#!.−!27!&/+,74.+)!.2!&!−<&4∃Ι!−7!.+!∋&227+!0#!∋72+4755#1!847∃!&!−.2Φ5#!#2+.+)!74!
847∃!&2!7/+−.1#!−7/4∋#≅!∗5+,7/Φ,!.+!∋&2!0#!.285/#2∋#1!0)!&2!&Φ#2+!<.+,.2!+,#!
−<&4∃Ι!.8!&2!&Φ#2+!0#∋7∃#−!+77!/25.(#!+,7−#!78!.+−!2#.Φ,07/4−!.+!∃&)!0#!4#Γ#∋+#1!&−!
!∴α!
0#.2Φ!3&4+!78!+,#!−<&4∃≅!Η,.−!.−!27+!+7!−&)!+,&+!.+!.−!7/+!78!∋72+475Ι!0/+!+,&+!+,#!
−<&4∃!&−!&!<,75#!0#∋7∃#−!.+−!7<2!&/+,74.+)≅!!
!
ς,&45#−!ϕ4##2!χΑΒΒΧε!3/+−!874<&41!+,#!.1#&!+,&+!∋755&074&+.72!0#+<##2!+<7!&4+.−+−!
−#+−!/3!&!ι+,.41!,&21ι!+,&+!#Λ.−+−!7/+−.1#!78!+,7−#!.2:75:#1≅!Η,.−!.1#&!.−!&5−7!
#Λ34#−−#1!.2!ϕ#−+&5+!Η,#74)Ι!.2!+,&+!+,#!−/∃!78!+,#!<,75#!.−!1.88#4#2+!+7!+,#!
#5#∃#2+−!.2:75:#1!χΩ#4+,#.∃#4Ι!ΧδΑ∆ε≅!Ω,#2!)7/!,&:#!&!2/∃0#4!78!∃#∃0#4−!
.2:75:#1!.2!&!347Γ#∋+!)7/!&5−7!2##1!+7!4#−3#∋+!+,#!&ΦΦ4#Φ&+#!78!+,&+!Φ47/3!&−!&2!
#2+.+)!<.+,.2!.+−#58≅!Μ+!∃&)!35&)!&2!/2#Λ3#∋+#1!&21!/21#8.2#1Ι!)#+!.∃374+&2+!475#!.2!
+,#!&∋,.#:#∃#2+−!78!+,#!Φ47/3≅!
1∀#Μ/(::∗3∗(/37#%:#)≅(#−7−)(&#
Μ2!&!−<&4∃!.2+#55.Φ#2+!−)−+#∃Ι!&−!+,#4#!.−!27!∋72+475!847∃!&2!7:#4&4∋,.2Φ!
3#4−3#∋+.:#Ι!&Φ#2+−!<.+,.2!+,#!−)−+#∃!&∋+!&/+727∃7/−5)!.2!4#5&+.72!+7!+,#.4!57∋&5!
2#.Φ,07/4−Ι!−7!4#−7/4∋#−!&4#!&557∋&+#1!&+!4&217∃γ!+,#4#!.−!78+#2!&!34705#∃!.2!+,#!
1/35.∋&+.72!78!#8874+γ!&21!.2!+,.−!<&)!+,#!−)−+#∃!∋&2!0#!.2#88.∋.#2+≅!
8∀#Ν/∋;(,∗3).5∗6∗)7#
Η,.415)Ι!−<&4∃−!&4#!Φ#2#4&55)!/234#1.∋+&05#≅!Η,#4#!.−!27+!&!5.2#&4!∋&/−&5.+)!+,&+!
∃&(#−!&!−<&4∃!0#,&:#!.2!&!3&4+.∋/5&4!<&)≅!µ&∋,!&Φ#2+!<.+,.2!+,#!−<&4∃!0/.51−!.+−!
7<2!5&)#4!78!.2+#4−#∋+.2Φ!57Φ.∋!.2+7!+,#!−)−+#∃!&−!&!<,75#Ι!−7!+,&+!.+!.−!.∃37−−.05#!+7!
(27<!+,#!34#∋.−#!+4.ΦΦ#4!78!&!3&4+.∋/5&4!0#,&:.7/4&5!#:#2+!78!+,#!−<&4∃≅!Η,.−!∋&2!
0#!∋5#&45)!−##2!.2!∀7,2!ς72<&)κ−!ϕ&∃#!78!;.8#!χϕ&41.2#4Ι!Χδ]ΒεΙ!<,#4#!∋#55−!<.+,.2!
&!Φ4.1!&4#!#.+,#4!&∋+.:&+#1!74!27+!&∋∋741.2Φ!+7!<,#+,#4!+,#.4!2#.Φ,07/4.2Φ!∋#55−!&4#!
&∋+.:&+#1≅!∗!−.∃35#!−#+!78!4/5#−Ι!87557<#1!0)!.21.:.1/&5!&Φ#2+−!∋&2!∋4#&+#!,.Φ,5)!
∋7∃35#Λ!&21!.2+4.∋&+#!0#,&:.7/4−!.2!+,#!Φ47/3!+,&+!+,#)!.2,&0.+≅!
!
Π∗)∗80∋#+−8+#!∃%&+0)∋∗9904∗)1∗+
!∀#Μ/:%;&.)∗%/#,∗−∋(;−.6#
Η,#!&2+κ−!874&Φ.2Φ!+#∋,2.6/#!.−!1#−∋4.0#1!−/∋∋.2∋+5)!&−!87557<−Ρ!
!
<Ψ∗∀(%.+∃%.,9./(%(∃.+)#2∗−%0∋+%0∋∋;%∋1∀(2;∃%∀#∃%∗∃(∀Ε%Σ#∃/%(∋&∃∀2&∃(%−∋%?12∀∃%.%
;2(∀.∗)∃%.9./6%,./2∗−%.%)#∃&2).,%∀+.2,%(∋%∀#.∀%∀#∃/%).∗%02∗;%∀#∃2+%9./%#∋&∃Ε%
Α#∃∗%∀#∃/%)∋&∃%.)+∋((%(∋&∃∀#2∗−%∃;28,∃6%∀#∃/%∃.∀%.(%&1)#%.(%∀#∃/%).∗%8∃0∋+∃%
! ∴δ!
+∃∀1+∗2∗−%∀∋%∀#∃%.∗∀%)∋,∋∗/%ΕΕΕ%ι∋+∃%9∋+Η∃+%.∗∀(%∀#∃∗%,∃.5∃%∀#∃%∗∃(∀6%0∋,,∋9%∀#∃%
∀+.2,%,.2;%8/%∀#∃%(1))∃((01,%−+∋1:6%.∗;%∀#∃%:+∋)∃((%2(%+∃:∃.∀∃;ΕΦ%=ϑ.1,,6%ΒϕΜ>%
!
Η,#!−.∃35#!&∋+.72!78!ι5&).2Φ!&!∋,#∃.∋&5!+4&.5ι!χ74!1#37−.+.2Φ!3,#47∃72#−εΙ!+,&+!
1.−−.3&+#−!7:#4!+.∃#!∃#&2−!+,&+!&2!.2∋4#1.05#!&∃7/2+!78!.2874∃&+.72!∋&2!0#!
∋7∃∃/2.∋&+#1!0#+<##2!+,7/−&21−!78!&Φ#2+−!χ&2+−!.2!+,.−!∋&−#ε≅!Σ+,#4!&2+−!&4#!&05#!
+7!1#+#4∃.2#!+,#!1.4#∋+.72!78!+,#!8771!−7/4∋#Ι!,7<!4#∋#2+5)!.+!<&−!&∋∋#−−#1!&21!
,7<!∃&2)!7+,#4!&2+−!&4#!27<!/−.2Φ!+,.−!+4&.5≅!
1∀#<;∗0∗/.6∗)7#
∗27+,#4!0#2#8.+Ι!3&4+.∋/5&45)!847∃!&!8.5∃∃&(.2Φ!37.2+!78!:.#<Ι!.−!+,#!74.Φ.2&5.+)!+,&+!
∋&2!∋7∃#!847∃!+,#!.2+471/∋+.72!78!:#4)!−∃&55!1.88#4#2∋#−!.2!+,#!.2.+.&5!−#+Κ/3≅!∗−!
∃#2+.72#1!.2!+,#!34705#∃!78!/234#1.∋+&0.5.+)!847∃!−<&4∃!.2+#55.Φ#2∋#Ι!#&∋,!2#<!
.21.:.1/&5!+,&+!.−!.2+#45.2(#1!.2+7!+,#!−<&4∃!∋4#&+#−!#Λ372#2+.&5!∋7∃0.2&+.72−!78!
37−−.0.5.+.#−≅!Ο∃&55!.∃3#48#∋+.72−!.2!&2!.21.:.1/&5Ι!+,#2Ι!∋&2!∋4#&+#!4#5&+.:#5)!5&4Φ#!
:&4.&+.72−!78!0#,&:.7/4Ι!+,7/Φ,!/234#1.∋+&05#Ι!<,.∋,!∋&2!+,#2!5#&1!72!+7!8/4+,#4!
.227:&+.:#!−∋#2&4.7−≅!
!
Η,#!2#Λ+!−#∋+.72!.2!+,.−!+,#−.−!34#−#2+−!87/4!34.2∋.35#−!847∃!+,#!8.#51!78!−<&4∃!
.2+#55.Φ#2∋#!847∃!<,.∋,!+,4##!∃74#!Φ/.1#5.2#−!<.55!0#!1#4.:#1≅!
>%0)1059∗#+−8+#!∃%&+0)∋∗9904∗)1∗+
_72&0#&/!#+!&5!34737−#!+,&+!−#58Κ74Φ&2.ϑ&+.72!4#5.#−!72!87/4!∃&.2!∋,&4&∋+#4.−+.∋−Ρ!
Χ≅ ?7−.+.:#!8##10&∋(!
Α≅ Τ#Φ&+.:#!8##10&∋(!
Ε≅ =5/∋+/&+.72!
∆≅ %/5+.35#!.2+#4&∋+.72−!
χΧδδΒΡδΚΧΧε!
!
Η,#!8.4−+!+<7!∋,&4&∋+#4.−+.∋−!5.−+#1!&07:#!&4#!∋57−#5)!4#5&+#1Ι!−7!+,#)!<.55!0#!1#&5+!
<.+,!+7Φ#+,#4!.2!741#4!+7!874∃!&!34.2∋.35#!&21!&!Φ/.1#5.2#!+,&+!<.55!0#!/−#1!5&+#4!72!
.2!+,.−!+,#−.−≅!!
!∀#Α((,5.3Φ#
Μ2!&2!&3.&4)Ι!.8!&!0##!8.21−!&!2#<!−7/4∋#!78!2#∋+&4Ι!.+!<.55!4#+/42!<.+,!+,#!2#∋+&4!+7!
.+−!,.:#!&21!<.55!3#4874∃!&!<&ΦΦ5#Κ1&2∋#!.2!8472+!78!7+,#4!0##−!+7!.21.∋&+#!#Λ&∋+5)!
!]Β!
<,#4#!+,#!2#<!−7/4∋#!,&−!∋7∃#!847∃γ!+,#!1.−+&2∋#!.+!.−!847∃!+,#!,.:#γ!&21!,7<!
Φ771!&!−7/4∋#!.+!.−≅!µ&∋,!0##!+,&+!+&(#−!.2!+,.−!.2874∃&+.72!<.55!+,#2!Φ7!+7!+,#!2#<!
57∋&+.72Ι!4#+/42!&21!+,47/Φ,!+,#.4!<&ΦΦ5#Κ1&2∋#−!<.55!27+.8)!∃74#!0##−!78!+,.−!2#<!
−7/4∋#!78!2#∋+&4≅!Μ8!+,.−!2#<!−7/4∋#!.−!0#++#4!+,&2!&2)!7+,#4!−7/4∋#!78!2#∋+&4Ι!+,#!
.2874∃&+.72!78!+,.−!2#<!57∋&+.72!147<2−!7/+!+,#!<&ΦΦ5#Κ1&2∋#−!847∃!7+,#4!
57∋&+.72−Ι!<,.∋,!&4#!−##2!+7!0#!27+!−7!5/∋4&+.:#≅!Μ+!∋4#&+#−!&!8##10&∋(!5773!+,&+!
−34#&1−!+,.−!2#<!.2874∃&+.72!6/.∋(5)!+,47/Φ,7/+!+,#!<,75#!∋7∃∃/2.+)≅!!
#
Ω,#2!+,#!0##−!#Λ,&/−+!&!−/335)!78!2#∋+&4Ι!,7<#:#4Ι!+,#.4!∋72−#6/#2+!<&ΦΦ5#Κ
1&2∋#−!.21.∋&+#!+7!7+,#4!0##−!+,&+!+,&+!3&4+.∋/5&4!−7/4∋#!78!2#∋+&4!.−!27+!&−!
07/2+.8/5!&−!.+!72∋#!<&−≅!Η,#!.2874∃&+.72!&07/+!.+!0#∋7∃#−!7:#4−,&17<#1!0)!
<&ΦΦ5#Κ1&2∋#−!+,&+!7+,#4!0##−!3#4874∃!&07/+!2#<!&21!4.∋,#4!−7/4∋#−!78!2#∋+&4!
+,&+!,&:#!0##2!87/21≅!Η,#!.2874∃&+.72!&07/+!+,#!74.Φ.2&5!−7/4∋#!0#∋7∃#−!
ι874Φ7++#2ι!0#∋&/−#!#&∋,!0##!<.55!3/4−/#!+,#!∃7−+!5/∋4&+.:#!−7/4∋#−!&+!&2)!Φ.:#2!
+.∃#≅!Μ2!+,.−!<&)Ι!.2874∃&+.72!&07/+!<,#4#!+,#!∃7−+!84/.+8/5!#8874+!∋&2!0#!&335.#1!.−!
&∃35.8.#1!+,47/Φ,7/+!+,#!0##!∋7∃∃/2.+)!<,.5−+!.2874∃&+.72!&07/+!5#−−!5/∋4&+.:#!
−7/4∋#−Ι!0#∋7∃#−!1.−∋&41#1≅!
!
Η,#!34.2∋.35#!847∃!+,#!∋,&4&∋+#4.−+.∋!78!8##10&∋(!.−!+,&+Ρ!Ν<1∋0−)#+!0∋/0)+∃+#!∃%&+
∗#1∃9∃∋∗_∀+Ο7!+,#!Φ/.1#5.2#!.2!4#−372−#!+7!+,.−!34.2∋.35#!.−!+,&+!∃#∃0#4−!78!+,#!
∋7∃∃/2.+)!−,7/51!ΝΥ379010Ε∗+#311∗##∗#+∃#+!∗99+∃#+8∃093%∗#Θ≅!Μ2!&!1.−+4.0/+#1!
8.5∃∃&(.2Φ!347Γ#∋+Ι!72!+,#!72#!,&21!+,.−!∋7/51!0#!&07/+!347∋#−−#−!+,&+!,&:#!−&:#1!
+.∃#Ι!+#∋,2.6/#−!+,&+!3471/∋#!,.Φ,#4!6/&5.+)!∃#1.&!∋72+#2+Ι!74!5.2(−!+,&+!&∋∋#−−!
/−#8/5!74!.2+#4#−+.2Φ!.2874∃&+.72≅!Σ2!+,#!7+,#4!,&21Ι!.8!∃#∃0#4−!+4)!7/+!&!5.2(!&21!
+,#2!8.21!+,&+!.+!17#−2κ+!.2!8&∋+!5#&1!+7!&2)+,.2Φ!&+!&55!.2+#4#−+.2ΦΙ!+,#2!+,#!/−#4!
−,7/51!0#!&05#!+7!4#+/42!+7!+,#!34#:.7/−!3&Φ#!&21!4#∃7:#!+,.−!5.2(!74!&+!5#&−+!
4#1/∋#!+,#!−.ϑ#!78!+,.−!5.2(≅!Σ8!∋7/4−#Ι!.2!&!<#0−.+#!−.+/&+.72!+,.−!.−!27+!+,#!274∃&5!
0#,&:.7/4!874!:.−.+74−≅!ϕ#2#4&55)Ι!/−#4−!78!<#0−.+#−!&4#!/−#1!+7!0#.2Φ!,&21#1!
.2874∃&+.72!+7!+,#∃Ι!4&+,#4!+,&2!+&(.2Φ!&2!&∋+.:#!475#!.2!+.1).2Φ!/3!+,#!<#0−.+#!874!
7+,#4!/−#4−≅!β7<#:#4Ι!+,.−!.−!&2!.2+#4#−+.2Φ!&++.+/1#!+,&+!∋7/51!0#!#2∋7/4&Φ#1!&21!
∋/5+.:&+#1!<.+,.2!&!∋7∃∃/2.+)≅!=74!.2−+&2∋#Ι!.8!&!5.2(!.−!2#:#4!/−#1Ι!.+!∋7/51!0#!
∋71#1!+7!Φ4&1/&55)!1.−&33#&4≅!Μ2!+,.−!<&)Ι!,)3#45.2(−!∋7/51!0#!&∋+.2Φ!.2!&!−.∃.5&4!
<&)!+7!+,#!0##−!<&ΦΦ5#!1&2∋#≅!
! ]Χ!
8∀#Α643)4.)∗%/#
=5/∋+/&+.72!.−!∋4/∋.&5!+7!+,#!1.−∋7:#4)!78!2#<!−75/+.72−≅!Μ8!&!0##!874&Φ#4!Φ#+−!57−+Ι!
874!#Λ&∃35#Ι!.2−+#&1!78!87557<.2Φ!34#:.7/−!.21.∋&+.72−!78!34#:.7/−!−7/4∋#−!78!
2#∋+&4Ι!+,#)!∃&)!<#55!8.21!2#<!/2#Λ357.+#1!8771!−7/4∋#−!.2!+,#!347∋#−−≅!!
!
Η,#!34.2∋.35#!847∃!+,#!∋,&4&∋+#4.−+.∋!78!85/∋+/&+.72!.−!+,&+Ρ!ΝΑ∃)6−&)∗##+1∃)+7∗+∃+
(∃93∃79∗+∃##∗∋_∀+Η,#!Φ/.1#5.2#!.2!4#−372−#!+7!+,.−!34.2∋.35#!.−!+,&+!∃#∃0#4−!78!+,#!
∋7∃∃/2.+)!−,7/51!ΝΩ&7%∃1∗+8%∗#/+5∗%#5∗1∋0(∗#Θ≅!Μ2!&!1.−+4.0/+#1!8.5∃∃&(.2Φ!
347Γ#∋+Ι!70Γ#∋+.:#−!∃.Φ,+!0#!−#+!<.+,.2!−3#∋.8.∋!+.∃#Κ−3&2−!+7!#2−/4#!+,#!347Γ#∋+!
−+#&1.5)!347Φ4#−−#−≅!β7<#:#4Ι!.8!&2!.21.:.1/&5!<&2+−!+7!−,77+!−7∃#!∃&+#4.&5!&+!&!
+.∃#!+,&+!,&−!788.∋.&55)!0##2!1#1.∋&+#1!+7!+,.2(.2Φ!+,47/Φ,!.1#&−Ι!+,#2!+,.−!−,7/51!
0#!#2∋7/4&Φ#1!&−!.+!∃&)!<#55!−+.∃/5&+#!74.Φ.2&5.+)≅!
!
Ο∀#Π46)∗∋6(#Μ/)(;.3)∗%/−#
%/5+.35#!Μ2+#4&∋+.72−!.−!&07/+!+,#!8&∋+!+,&+!&!−<&4∃!∋&2!&∋,.#:#!.+−!Φ7&5!∃/∋,!
8&−+#4!+,&2!.8!&2!.21.:.1/&5!&3347&∋,#1!+,#!−&∃#!+&−(≅!Η,.−!.−!27+!−.∃35)!+,&+!+,#4#!
&4#!∃74#!.2:75:#1!.2!17.2Φ!+,#!+&−(!0/+!&5−7!+,&+!<,#2!#&∋,!.21.:.1/&5!∃&(#−!
.2874∃#1!/−#!78!+,#!.2874∃&+.72!&:&.5&05#Ι!.+!&∋∋/∃/5&+#−!847∃!+,#!&∋+.:.+.#−!78!
7+,#4−!.2!+,#!−<&4∃≅!
!
Η,#!34.2∋.35#!847∃!+,#!∋,&4&∋+#4.−+.∋!78!∃/5+.35#!.2+#4&∋+.72−!.−!+,&+Ρ!Νδ∃)2+/∃)6#+
&∃:∗+904/∋+!−%:_∀+Η,#!Φ/.1#5.2#!.2!4#−372−#!+7!+,.−!34.2∋.35#!.−!+,&+!∃#∃0#4−!78!
+,#!∋7∃∃/2.+)!−,7/51!ΝΦ590∋+∋∃#:#+6−!)+0)∋−+&0)0.∋∃#:#+∋/∃∋+1∃)+7∗+6−)∗+72+
&∃)2+5∃%∋0105∃)∋#Θ≅!Μ2!&!1.−+4.0/+#1!8.5∃∃&(.2Φ!347Γ#∋+Ι!.8!+,#4#!.−!∃74#!+,&2!72#!
#1.+74Ι!1.88#4#2+!#1.+74−!∋7/51!#1.+!1.88#4#2+!−∋#2#−≅!Μ8!1.88#4#2+!#1.+74−!#1.+#1!+,#!
−&∃#!−#∋+.72Ι!.+!∃&)!0#!1##∃#1!&−!.2#88.∋.#2+!0#∋&/−#!.+!.−!&!1/35.∋&+.72!78!#8874+≅!!
_/+Ι!72!+,#!7+,#4!,&21Ι!.+!788#4−!&!:.+&5!∋7∃3&4.−72!78!,7<!.1#&−!∋7/51!0#!∋722#∋+#1!
+7Φ#+,#4≅!?&4+.∋.3&2+−!−,7/51!0#!&<&4#!+,&+!+,#.4!3#4−72&5!<74(!∃.Φ,+!27+!
/5+.∃&+#5)!0#!/−#1≅!Η,#)!−,7/51!&5−7!+&(#!.2+7!∋72−.1#4&+.72!+,&+!+,#4#!.−!.2+4.2−.∋!
:&5/#!.2!+,#!#Λ.−+#2∋#!78!&2!&5+#42&+.:#!<&)!+,&+!+,#!2&44&+.:#!.−!+751≅!Η,.−!.2!+/42Ι!
<.55!,&:#!&2!.285/#2∋#!72!+,#!8.2&5!#1.+≅!%/5+.35#!:#4−.72−Ι!&+!+,#!:#4)!5#&−+Ι!347:.1#!
+,#!8.5∃∃&(.2Φ!347∋#−−!<.+,!&!4.∋,#4!:&4.#+)!78!∋,7.∋#≅!
!
!]Α!
Μ2!+#4∃−!78!+,#!6/#−+.72−!+,&+!+,.−!+,#−.−!−##(−!+7!&114#−−Ι!+,#2Ι!−<&4∃!.2+#55.Φ#2∋#!
<.55!,#53!.2874∃!+,#!375.∋.#−!+,&+!+,#!Ο<&4∃!ΗΠ!725.2#!#2:.472∃#2+!<.55!
.∃35#∃#2+≅!Μ2!Ο<&4∃!ΗΠΙ!_72&0#&/κ−!87/4!∋,&4&∋+#4.−+.∋−!∋7/51!0#!1#:#573#1!.2+7!
+,4##!34.2∋.35#−Ρ!!
!
Χ∗∗67∃1:,+
?4.2∋.35#Ρ!?7−.+.:#!&21!2#Φ&+.:#!&∋+.72−!<.+,.2!&!−<&4∃!#−∋&5&+#≅!
ϕ/.1#5.2#Ρ!?/05.∋.ϑ#!−/∋∋#−−#−!&−!<#55!&−!8&.5/4#−≅!
!
Χ931∋3∃∋0−),+
?4.2∋.35#Ρ!Ψ&217∃2#−−!∋&2!0#!&!:&5/&05#!&−−#+≅+
ϕ/.1#5.2#Ρ!µ∃04&∋#!84#−,!3#4−3#∋+.:#−≅!
!
δ39∋059∗.?)∋∗%∃1∋0−),+
?4.2∋.35#Ρ!%&2)!,&21−!∃&(#!5.Φ,+!<74(≅!
ϕ/.1#5.2#Ρ!Ο35.+!+&−(−!17<2!.2+7!∃.2.Κ+&−(−!+,&+!∋&2!0#!172#!0)!∃&2)!3&4+.∋.3&2+−≅!
!
=47∃!+,#−#!+,4##!34.2∋.35#−Ι!+,#2Ι!+,#!Φ/.1#5.2#−!874∃!+,#!?75.∋)!78!Ο<&4∃!
Μ2+#55.Φ#2∋#!.2!+,.−!+,#−.−≅!Μ2!+,#!2#Λ+!−#∋+.72!+,#4#!<.55!0#!&!−/∃∃&4)!78!&55!+,#!
34.2∋.35#−!1#4.:#1!847∃!+,#!:&4.7/−!8.#51−!78!(27<5#1Φ#!+,.−!∋,&3+#4!,&−!∋7:#4#1≅!
!
Ε3&&∃%2+−8+#∗9∗1∋∗6+5%0)1059∗#+8%−&+∋/∗−%∗∋01∃9+8%∃&∗!−%:+
β&:.2Φ!577(#1!&+!8.:#!8.#51−!78!(27<5#1Φ#!+,&+!,&:#!+,#!37+#2+.&5!+7!−/3374+!
1.−+4.0/+#1!8.5∃∃&(.2ΦΙ!&!347:.−.72&5!5.−+!78!&55!+,#!34.2∋.35#−!1#4.:#1!847∃!+,#−#!
8.#51−!.−!5.−+#1!0#57<Ρ!
!
Υ−9012+−8+Α/0Ε−&∃∋01+Γ/0):0)4+
Π/∃%∃1∋∗%0#∋01+ Υ%0)1059∗+ Σ306∗90)∗+
Μ1#&!Φ#2#4&+.72! ς,&2Φ#!.−!&!8/21&∃#2+&5!
3&4+!78!1#:#573∃#2+!
ϕ#2#4&+#!Τ#<!.1#&−!
Μ1#&!∋5/−+#4.2Φ! Μ1#&−!847∃!&!05/#Κ−()!
−#−−.72!78+#2!7:#45&3!
ς5/−+#4!.1#&−!
&334734.&+#5)!
Μ1#&!−#5#∋+.72! Ο7∃#!.1#&−!&4#!−+472Φ#4!
+,&2!7+,#4−!
Ο#5#∋+!+,#!0#−+!.1#&−!
!
! ]Ε!
Υ−9012+−8+Λ5∗))∗##+
Π/∃%∃1∋∗%0#∋01+ Υ%0)1059∗+ Σ306∗90)∗+
ς72+#2+!6/&5.+)! ∗55!∋72+#2+!∋&2!0#!
.∃347:#1!
%&(#!∋72+#2+!#1.+&05#!
Τ&44&+.:#!857<! Τ&44&+.:#!857<!∋&2!#&−.5)!
0#!057∋(#1!
>#:#573!7+,#4!∃#∃0#4κ−!
.1#&−!
>#∋.−.72Κ∃&(.2Φ!4&+.72&5#! Μ21.:.1/&5−!78+#2!
∃&2.3/5&+#!347Γ#∋+−!<.+,!
,.11#2!&Φ#21&−!
_#!&−!+4&2−3&4#2+!&−!
37−−.05#!
!
Υ−9012+−8+Π−99∃7−%∃∋0−)+
Π/∃%∃1∋∗%0#∋01+ Υ%0)1059∗+ Σ306∗90)∗+
Σ3.2.72!&ΦΦ4#Φ&+.72! Ο7∃#!∃#∃0#4−!<.55!27+!
(27<!<,)!∋#4+&.2!
73.2.72−!&4#!,#51!
>.−∋/−−!4&+.72&5#!0#,.21!
1.88#4#2+!73.2.72−!
Ω74(.2Φ!4#5&+.72−,.3−! Ο7∃#!34#8#4!+7!<74(!
+,47/Φ,!3&4+.∋/5&4!
34705#∃−!72!+,#.4!7<2!
Ο,&4#!<74(!+,&+!.−!172#!
.21.:.1/&55)!0&∋(!.2+7!+,#!
∋7∃∃/2.+)!
ς755&074&+.72!:&5/#! Ο7∃#!.21.:.1/&5−!172κ+!
<&2+!+7!∋755&074&+#!
_#!∋7∃∃.++#1!+7!+,#!
∋755&074&+.:#!347∋#−−!
!
Υ−9012+−8+Θ−)./0∗%∃%1/2+
Π/∃%∃1∋∗%0#∋01+ Υ%0)1059∗+ Σ306∗90)∗+
?7<#4!3,&2+7∃! ∗/+,74.+)!.−!78+#2!Φ&.2#1!
0)!&2!.21.:.1/&5!0#∋&/−#!
7+,#4−!−.∃35)!&557<!.+!
µ&∋,!∃#∃0#4!−,7/51!+&(#!
8/55!4#−372−.0.5.+)!874!+,#!
<,75#!347Γ#∋+!
?7<#4!1.−+4.0/+.72! ?7<#4!2&+/4&55)!&∋∋4/#−!
∃74#!37<#4!
∗:7.1!17∃.2&+.2Φ!7+,#4−!
Ο/−3.∋.72!78!37<#4!
∃72Φ#4.2Φ!
ς5&.∃−!78!17∃.2&+.72!∋&2!
78+#2!788#21!
>#:#573!∋4.+.∋&5!
4#5&+.72−,.3−!.2!+,#!
∋7∃∃/2.+)!
!
Υ−9012+−8+Φ!∃%&+?)∋∗9904∗)1∗+
Π/∃%∃1∋∗%0#∋01+ Υ%0)1059∗+ Σ306∗90)∗+
=##10&∋(! ?7−.+.:#!&21!2#Φ&+.:#!
&∋+.72−!<.+,.2!&!−<&4∃!
#−∋&5&+#!
?/05.∋.ϑ#!−/∋∋#−−#−!&−!
<#55!&−!8&.5/4#−!
=5/∋+/&+.72! Ψ&217∃2#−−!∋&2!0#!&!
:&5/&05#!&−−#+!
µ∃04&∋#!84#−,!
3#4−3#∋+.:#−!
%/5+.35#!.2+#4&∋+.72−! %&2)!,&21−!∃&(#!5.Φ,+!
<74(!
Ο35.+!+&−(−!17<2!.2+7!
∃.2.Κ+&−(−!+,&+!∋&2!0#!
172#!0)!∃&2)!
3&4+.∋.3&2+−!
Γ∃79∗+Ι.;+Υ−9010∗#+8%−&+∋/∗−%∗∋01∃9+8%∃&∗!−%:+
!]∆!
!
Η,#!34.2∋.35#−!&07:#Ι!+,#4#874#Ι!874∃!&!∋4#&+.:#!−#+!78!375.∋.#−!+,&+!−,7/51!
+,#74#+.∋&55)!<74(!+,47/Φ,!#:#4)!−+&Φ#!78!&!8.5∃∃&(.2Φ!347∋#−−Ι!&21!∋755#∋+.:#5)Ι!
+,#)!−,7/51!0#!&05#!+7!4#&5.ϑ#!&2!.1#&!.2+7!0#∋7∃.2Φ!&!∃#1.&!∋5.3γ!&!∃#1.&!∋5.3!.2+7!
0#∋7∃.2Φ!&2!#1.+#1!−#∋+.72γ!#1.+#1!−#∋+.72−!.2+7!0#∋7∃.2Φ!&!8.2.−,#1!14&8+γ!&21!&!
8.2.−,#1!14&8+!0#∋7∃.2Φ!&!∋7∃35#+#1!:#4−.72!78!&!8.5∃≅!!
!
β&:.2Φ!577(#1!&+!+,#!∋72∋#3+/&5!84&∃#<74(!874!+,.−!+,#−.−Ι!&21!1#4.:#1!&!−#+!78!
375.∋.#−!874!1.−+4.0/+#1!8.5∃∃&(.2ΦΙ!+,#!2#Λ+!∋,&3+#4!#Λ3574#−!8.:#!73#2!8.5∃∃&(.2Φ!
347Γ#∋+−Ι!&21!+,#)!&4#!&2&5)−#1!&−!+7!,7<!#&∋,!−+&Φ#!78!+,#!8.5∃∃&(.2Φ!347∋#−−!.−!
Φ7:#42#1≅!!
</∃5∋∗%+Σ++.+ Γ0(∗+∗0#∋0)4+−5∗)+809&&∃:0)4+5%−α∗1∋#+
!
Ι)∋%−631∋0−)+
Μ2!+,.−!∋,&3+#4Ι!8.:#!73#2!8.5∃∃&(.2Φ!347Γ#∋+−!&4#!&2&5)−#1≅!Ο7∃#!78!+,#∃!&4#!
725.2#!347Γ#∋+−!&21!−7∃#!&4#!3,)−.∋&5Ι!8&∋#Κ+7Κ8&∋#!347Γ#∋+−≅!β7<#:#4Ι!+,#!1.88#4#2+!
−+&Φ#−!&21!−+4/∋+/4#−!78!+,#−#!347Γ#∋+−!&21!+,#!:&4.7/−!−+)5#−!78!.2∋5/−.:.+)!78!+,#!
:&4.7/−!37.2+−!78!1#∋.−.72Κ∃&(.2Φ!<.+,.2!#&∋,!347Γ#∋+!&4#!.2!87∋/−≅!
!
Η,#!87557<.2Φ!.−!&2!#Λ∋#43+!847∃!&!Ο.∃3−72−!#3.−71#!<,#4#!Ο34.2Φ8.#51!.−!0#.2Φ!
3#4−/&1#1!0)!&2!7/+−.1#!#2+4#34#2#/4Ι!;)5#!;&25#)Ι!+7!0/.51!&!∃7274&.5!+,47/Φ,!
+,#.4!+7<2≅!Μ+!1#∃72−+4&+#−!+,#!<&)!.2!<,.∋,!&!λ1#∃7∋4&∋)κ!∋&2!0#!∃&2.3/5&+#1!
+,47/Φ,!3##4!34#−−/4#≅!
?/∗+Ε0&5#−)#+−)+&−7+%39∗+
!
[29∗+[∃)9∗2,+ ! Ω#55Ι!−.4Ι!+,#4#ι−!27+,.2Φ!72!#&4+,!
! ! ! ;.(#!&!Φ#2/.2#Ι!
! ! ! _72&!8.1#Ι!
! ! ! µ5#∋+4.8.#1Ι!
! ! ! Ο.ΛΚ∋&4!
! ! ! %7274&.5υ!≅≅≅!
! ! ! Ω,&+ι1!Μ!−&)!
Θ∗6+Χ9∃)6∗%#,+ %7274&.5υ!
[29∗+[∃)9∗2,+ ! Ω,&+ι−!.+!∋&55#1!
Υ∃∋∋2ηΦ∗9&∃,+ %7274&.5υ!
[29∗+[∃)9∗2,! ! Η,&+ι−!4.Φ,+υ!!%7274&.5υ!
! ! ! ρς47<1!∋,&2+−!ϖ%7274&.5ι!−78+5)!&21!4,)+,∃.∋&55)σ!
δ0##+γ−−(∗%,+! Μ!,#&4!+,7−#!+,.2Φ−!&4#!&<8/55)!57/1≅≅≅!
[29∗+[∃)9∗2,+ ! Μ+!Φ5.1#−!&−!−78+5)!&−!&!∋57/1≅!
<53,+ ! ! Μ−!+,#4#!&!∋,&2∋#!+,#!+4&∋(!∋7/51!0#21!
[29∗+[∃)9∗2,+ ! Τ7+!72!)7/4!5.8#Ι!∃)!β.21/!84.#21≅!
Ψ∃%)∗2,+ ! Ω,&+!&07/+!/−!04&.2Κ1#&1!−570−!
[29∗+[∃)9∗2,! ! φ7/ι55!&55!0#!Φ.:#2!∋/−,)!Γ70−≅!
!]∴!
<7∗,+ ! ! Ω#4#!)7/!−#2+!,#4#!0)!+,#!1#:.5!
[29∗+[∃)9∗2,+ ! Τ7Ι!Φ771!−.4Ι!Μι∃!72!+,#!5#:#5≅!
Η0443&,! ! Η,#!4.2Φ!∋&∃#!788!∃)!3/11.2Φ!∋&2≅!
[29∗+[∃)9∗2,+ ! Η&(#!∃)!3#2(2.8#Ι!∃)!Φ771!∃&2≅!
! ! ! Μ!−<#&4!.+ι−!Ο34.2Φ8.#51ι−!725)!∋,7.∋#≅≅≅!
! ! ! Η,47<!/3!)7/4!,&21−!&21!4&.−#!)7/4!:7.∋#υ!
<99,+ ! ! ρ−.2Φ.2Φσ!%7274&.5υ!
[29∗+[∃)9∗2,+ ! Ω,&+ι−!.+!∋&55#1!
<99,+ ! ! %7274&.5υ!
[29∗+[∃)9∗2,! ! Σ2∋#!&Φ&.2≅≅≅!
<99,! ! ! %7274&.5υ!
δ∃%4∗,+ ! _/+!%&.2!Ο+4##+ι−!−+.55!&55!∋4&∋(#1!&21!047(#2≅≅≅!
Ψ∃%∋,! ! ! Ο744)Ι!%7∃Ι!+,#!∃70!,&−!−37(#2υ!
<99,! ! ! ρ−.2Φ.2Φσ!%7274&.5υ!
! ! ! %7274&.5υ!
! ! ! %7274&.5υ!
! ! ! ρ_.Φ!8.2.−,σ!
! ! ! %7274&.5υ!
γ−&∗%,! ! %727≅≅≅!!>ι7,υ!
!
χΗ,#!Ο.∃3−72−Ι!ΧδδΕε!
!
Μ2!+,.−!#3.−71#!78!Η,#!Ο.∃3−72−Ι!+,#!+7<2!78!Ο34.2Φ8.#51!,&−!Γ/−+!0##2!Φ.:#2!Ε!
∃.55.72!1755&4−!847∃!&!8.2#!1/#!+7!%4!_/42ι−!.55#Φ&5!1.−37−&5!78!2/∋5#&4!<&−+#Ι!&21!.−!
1#∋.1.2Φ!,7<!+,#)!<&2+!+7!−3#21!.+≅!
!
Μ2!Π&2.+)!=&.4Ι!∀7,2!Σ4:+#1!5.−+#1!+,.−!#3.−71#Ι!%&4Φ#!:−≅!+,#!%7274&.5Ι!.2!+,.41!
35&∋#!7/+!78!ΧΒ!78!+,#!8/22.#−+!Ο.∃3−72−!#3.−71#−≅!β#!<4.+#−4%!Γ∃(2;∃(%8∃2∗−%+∃:,∃∀∃%
92∀#%∃Τ)∃,,∃∗∀%⊥∋Η∃(6%∀#2(%∃:2(∋;∃%+∃5∃.,(%∀#∃%∀∋9∗δ(%&∋8%&∃∗∀.,2∀/%.∗;%2∀(%)∋,,∃)∀25∃%
,.)Η%∋0%+∃.(∋∗Ε%Σ#2(%2(%∀#∃%∃:2(∋;∃%∀#.∀%;∃02∗∃(%Ζ:+2∗−02∃,;%&∋+∃%∀#.∗%.∗/%∋∀#∃+Ε!!
χΣ4:+#1Ι!ΑΒΒ]ε!Μ+!.−!&!1.−+/40.2Φ!&−3#∋+!78!∋755#∋+.:#!+,.2(.2Φ!+,&+!.21.:.1/&5−!∋&2!
0#!<,.33#1!/3!.2+7!&!84#2ϑ)Ι!57−.2Φ!−.Φ,+!78!70Γ#∋+.:#!4&+.72&5.+)!.2!+,#!#∃7+.72!78!
+,#!∃7∃#2+≅!%70!∃#2+&5.+)!∋&2!78+#2!0#!∋,&7+.∋Ι!/234#1.∋+&05#!&21!1&2Φ#47/−≅!
∗27+,#4!#Λ&∃35#!78!+,.−!.−!+,#!,.−+74.∋&5!35&)!0)!∗4+,/4!%.55#4!∋&55#1!Η,#!ς4/∋.05#≅!
! ]]!
Μ+!.−!&07/+!+,#!Ο&5#∃!<.+∋,∋4&8+!+4.&5−!78!+,#!−#:#2+##2+,!∋#2+/4)Ι!&21!.−!∃#&2+!+7!
0#!&2!&55#Φ74)!78!%∋ς&4+,).−∃!78!+,#!5&+#!Χδ∆Βι−!χ%.55#4Ι!ΑΒΒΒε≅!Ω,#2!&!∃70!+&(#−!
72!,)−+#4.∋&5!∋,&4&∋+#4.−+.∋−Ι!.+!∋&2!0#!:#4)!1.88.∋/5+!+7!−+73≅!
!
Σ2!+,#!7+,#4!,&21!+,#!Μ2+#42#+Ι!<.+,!.+−!37+#2+.&5!78!&−)2∋,4727/−!∋7∃∃/2.∋&+.72Ι!
17#−!27+!,&:#!+7!0#!&2!#∃7+.72&55)!∋,&4Φ#1!∃#1./∃Ι!&21!.+!#2&05#−!.21.:.1/&5−!+7!
1#5.0#4&+#≅!Μ2!,#4!17∋+74&+#!+,#−.−Ι!φ77,##!Ξ.∃!&4Φ/#−!+,&+!+,#!Μ2+#42#+!35&)−!&!(#)!
475#!.2!+,#!1#5.0#4&+.:#!1#∃7∋4&∋)!78!Ο7/+,!Ξ74#&!χΞ.∃Ι!ΑΒΒ]ε≅!Μ2!<,.∋,!∋&−#Ι!.+!.−!
+,47/Φ,!/−.2Φ!+,#!∃#1./∃!78!+,#!Μ2+#42#+!+,&+!+,#!<.−17∃!78!+,#!∋47<1−!∋7/51!
∃7−+!#&−.5)!0#!,&42#−−#1!&−!<4.++#2!&07/+!0)!∀&∃#−!Ο/47<.#(.!χΟ/47<.#(.Ι!ΑΒΒ∆ε≅!!
Η,.−!∋7/51!5#&1!+7!&2!&5+#42&+.:#!7/+∋7∃#Ι!4&+,#4!+,&2!∋7∃∃/2.+.#−!1#Φ#2#4&+.2Φ!
.2+7!∃70!4/5#Ι!−.∃.5&4!3#4,&3−!+7!+,#!#:#2+−!+,&+!,&33#2#1!.2!Τ#<!Σ45#&2−!1/4.2Φ!
+,#!Ξ&+4.2&!85771.2Φ!χ_/2∋7∃0#!Υ!ϕ/∃0#5Ι!ΑΒΒ[ε≅!
!!
<∃∋∗4−%0∗#+−8+ϑ−(∗%)∃)1∗+
Μ2!741#4!+7!&2&5)−#!+,#!347Γ#∋+−!.2!+,.−!+,#−.−Ι!+,#!:&4.7/−!−+)5#−!78!.2∋5/−.:.+)!+,&+!
∋&2!0#!/−#1!0)!Φ47/3−!<,#2!+,#)!&4#!∃&(.2Φ!1#∋.−.72−!2##1!+7!0#!∋&+#Φ74.ϑ#1≅!!Μ2!
,.−!077(Ι!%71#5−!78!>#∃7∋4&∋)Ι!>&:.1!β#51!1#8.2#−!2.2#!∃71#5−!78!1#∃7∋4&∋)≅!
=7/4!78!+,#−#!&4#!,.−+74.∋&5!∃71#5−!χς5&−−.∋&5!∗+,#2.&2Ι!Ψ#3/05.∋&2.−∃Ι!;.0#4&5!&21!
>.4#∋+!%&4Λ.−∃ε!&21!87/4!&4#!∋72+#∃374&4)!∃71#5−!+,&+!4#5&+#!+7!+,#!,.−+74.∋&5!
∃71#5−!χς7∃35#+.:#!µ5.+.−+Ι!?5/4&5.−∃Ι!;#Φ&5!&21!?&4+.∋.3&+74)ε≅!Η,#!2.2+,!∃71#5Ι!
>#5.0#4&+.:#!>#∃7∋4&∋)Ι!.−!λ&2!.∃&Φ.2&+.:#!4#+,.2(.2Φ!78!1#∃7∋4&∋)!788#4.2Φ!&!2#<!
(.21!78!3&4+.∋.3&+.72κ!χβ#51Ι!Χδδ∴Ρ!ΑΕ[ε≅!Μ+!5#&1−!+7!&2!#:#2!∃74#!#Φ&5.+&4.&2!
1.4#∋+.72!+,&2!+,#!7+,#4−≅!∀&2!:&2!>.Γ(!/−#1!+,#−#!5&−+!8.:#!∃71#5−!.2!,.−!3/05.∋&+.72!
#2+.+5#1!Ν>.Φ.+&5!>#∃7∋4&∋)Ι!Μ−−/#−!78!Η,#74)!&21!?4&∋+.∋#Θ!+7!#Λ3574#!+,#!∃7−+!
5.(#5)!1#:#573∃#2+−!.2!ΜςΗ!.2!4#5&+.72!+7!375.+.∋−!&21!1#∃7∋4&∋)!.2!+,#!8/+/4#≅!
β7<#:#4Ι!,#!&5−7!&11#1!&2!&11.+.72&5!∃71#5Ρ!;.0#4+&4.&2!>#∃7∋4&∋)Ι!<,.∋,!,#!
1#−∋4.0#1!&−!Ν&/+727∃7/−!375.+.∋−!0)!∋.+.ϑ#2−!.2!+,#.4!7<2!&−−7∋.&+.72−!/−.2Φ!+,#!
,74.ϑ72+&5!∋7∃∃/2.∋&+.72!∋&3&0.5.+.#−!78!+,#!Μ2+#42#+Θ!χ:&2!>.Γ(Ι!ΑΒΒΒΡ!∆[ε≅!
!
Μ2!+,#.4!3&3#4!#2+.+5#1!Ν>#∃7∋4&∋)!Ο6/&4#1ΘΙ!∀#4#∃)!Ψ7−#!&21!ω)−+#.2!Οξ0ψ!/−#1!
87/4!1.88#4#2+!1#∃7∋4&∋)!∃71#5−!&Φ&.2!+7!6/&2+.+.:#5)!&2&5)−#!∋72+4.0/+.72−!+7!&!
Τ74<#Φ.&2!375.+.∋&5!725.2#!1.−∋/−−.72!874/∃!χΨ7−#Ι!ΑΒΒ[ε≅!Η,#−#!∃71#5−!∋72−.−+#1!
78!ς72−/∃#4Ι!>#∃7Κµ5.+.−+Ι!Τ#7ΚΨ#3/05.∋&2!&21!ς)0#4Κ>#∃7∋4&+.∋!+&(#2!847∃!
!]α!
_#55&∃)!χβ788Ι!ΑΒΒΒε≅!_47&15)!−3#&(.2ΦΙ!+,#−#!4&2Φ#!847∃!4#34#−#2+&+.72&5!
1#∃7∋4&∋)!+,47/Φ,!+7!1.4#∋+!1#∃7∋4&∋)!Κ!4#34#−#2+&+.72&5!1#∃7∋4&∋)!0#.2Φ!
<,#4#!&2!#Λ3#4+!74!375.+.∋.&2!.−!#5#∋+#1!0)!+,#!3/05.∋!+7!∃&(#!375.+.∋&5!1#∋.−.72−!874!
+,#∃≅!>.4#∋+!1#∃7∋4&∋)!0#.2Φ!<,#4#!∋.+.ϑ#2−!&4#!3#4−72&55)!.2:75:#1!.2!∃&(.2Φ!
+,#.4!7<2!375.+.∋&5!1#∋.−.72−≅!Ο.∃.5&4!+7!:&2!>.Γ(ι−!∃71#5!78!;.0#4+&4.&2!>#∃7∋4&∋)Ι!
+,#2Ι!.−!_#55&∃)ι−!∃71#5!78!ς)0#4Κ>#∃7∋4&∋)≅!Μ+!.−!&!∃/∋,!∃74#!3&4+.∋.3&+.:#!
∃71#5!+,&2!+,#!7+,#4!∃71#5−!&21!72#!+,&+!∋72−.1#4−!+,#!Μ2+#42#+!−3#∋.8.∋&55)≅!!
!
Μ2!&55!78!+,#!&07:#!∃71#5−Ι!+,#4#!.−!&2!.21.∋&+.72!78!&!5#:#5!78!.2∋5/−.:.+)≅!_/+!&55!78!
+,#!&07:#!∃71#5−!&4#!&5−7!∃/5+.1.∃#2−.72&5!.2!+,&+!+,#)!&5−7!577(!&+!+,#!+)3#!78!
.285/#2∋#!+,#!3&4+.∋.3&2+−!,&:#!<.+,.2!+,#!1#∃7∋4&+.∋!347∋#−−#−!π!<,#+,#4Ι!874!
.2−+&2∋#Ι!+,#)!−.∃35)!#5#∋+!7+,#4−!+7!∃&(#!1#∋.−.72−!874!+,#∃!74!<,#+,#4!+,#)!
∃&(#!+,#!1#∋.−.72−!+,#∃−#5:#−≅!Η,.−!∋,&3+#4!.−!∋72∋#42#1!&07/+!+,#!3&4+.∋.3&+74)!
5#:#5!&+!1#∋.−.72Κ∃&(.2Φ!37.2+−!78!+,#!347Γ#∋+≅!Η,#4#874#Ι!#5#∋+.2Φ!−7∃#72#!#5−#!+7!
∃&(#!+,#!1#∋.−.72!874!)7/Ι!.∃35.#−!.2:75:#∃#2+Ι!0/+!.−!27+!&∋+/&55)!∃&(.2Φ!+,#!
1#∋.−.72!.+−#58≅!Η,#4#!.−!&!2##1!+7!577(!7/+−.1#!1#∃7∋4&+.∋!34&∋+.∋#−!&−!<#55Ι!
0#∋&/−#!.21.:.1/&5−!7/+−.1#!78!&!1#∃7∋4&+.∋!347∋#−−!78+#2!∃&(#!1#∋.−.72−!<.+,.2!&!
Φ47/3≅!
!
Μ2!741#4!+7!1#8.2#!+,#!∋&+#Φ74.#−!874!+,.−!+&Λ727∃)Ι!+,.−!+,#−.−!577(−!&+!+,#!1.88#4#2+!
+)3#−!78!5#&1#4−,.3!−+4/∋+/4#−!<,7−#!2&∃#−!&4#!∃7−+5)!1#4.:#1!847∃!+,#!ϕ4##(!
<741!<.+Η#∋(Φ6!<,.∋,!∃#&2−!ι4/5#4ι!χΣΛ8741!µ2Φ5.−,!>.∋+.72&4)Ι!ΑΒΒ∴ε≅!Η,#−#!&4#!
%72&4∋,)Ι!Σ5.Φ&4∋,)Ι!>#∃7∋4&∋)Ι!Σ∃2.&4∋,)!&21!∗2&4∋,)≅!
!
• δ−)∃%1/2!<7/51!1#−∋4.0#!&!−+4/∋+/4#!<,#4#!&!−.2Φ5#!.21.:.1/&5!1#∋.1#−!72!
0#,&58!78!+,#!<,75#!Φ47/3≅!
• Λ904∃%1/2!7∋∋/4−!<,#4#!+,#4#!.−!&2!#5.+#!−/0Φ47/3!+,&+!1#∋.1#−!78!0#,&58!78!
#:#4)72#!#5−#≅!
• ∆∗&−1%∃12!#Λ.−+−!<,#4#!+,#!5&4Φ#−+!−/0Φ47/3!+,&+!&Φ4##−Ι!1#∋.1#−!874!+,#!
4#−+!78!+,#!Φ47/3!χ+,.−!.−!78+#2!172#!0)!:7+.2Φε≅!
• Λ&)0∃%1/2!,&33#2−!<,#4#!#:#4)72#!,&−!&!1.4#∋+!.2:75:#∃#2+!.2!+,#!
1#∋.−.72Κ∃&(.2Φ!347∋#−−!χ874!.2−+&2∋#!<,#4#!.+!,&−!0##2!&Φ4##1!+,&+!+,#!
Φ47/3!2##1−!+7!4#&∋,!∋72−#2−/−!0#874#!&!1#∋.−.72!.−!∃&1#ε≅!
! ]δ!
• <)∃%1/2!∋&+#Φ74.ϑ#−!&!−+4/∋+/4#!<,#4#!+,#!1#∋.−.72Κ∃&(.2Φ!.−!1#∋.1#1!&−!
.21.:.1/&5−!&21!27+!&−!&!Φ47/3!&+!&55≅!
!
Η,#!+&05#!78!∋&+#Φ74.#−!/−#1!&4#!5.−+#1!&−!87557<−Ρ!
!
δ−)∃%1/2+ Σ2#!.21.:.1/&5!.2!+,#!Φ47/3!∃&(#−!+,#!1#∋.−.72!
Λ904∃%1/2+ ∗2!#5.+#!−/0Φ47/3!∃&(#−!+,#!1#∋.−.72!
∆∗&−1%∃12+ Η,#!5&4Φ#−+!−/0Φ47/3!78!∃#∃0#4−!+,&+!&Φ4##!∃&(#−!+,#!1#∋.−.72!
Λ&)0∃%1/2+ µ:#4)72#!.−!1.4#∋+5)!.2:75:#1!.2!∃&(.2Φ!+,#!1#∋.−.72!
<)∃%1/2+ Τ7!Φ47/3!1#∋.−.72−!&4#!∃&1#!&+!&55!
Γ∃79∗+=.;+Π∃∋∗4−%0∗#+−8+6∗10#0−).&∃:0)4+
!
Ε∋%∃2+<0)∗&∃+
Ο+4&)!ς.2#∃&!χ!!!∀#∋%∃210)∗&∃∀1−&ε!.−!&2!72Φ7.2Φ!8.5∃∃&(.2Φ!347Γ#∋+!+,&+!<&−!
.2.+.&+#1!0)!%.∋,#55#!β/Φ,#−!&21!Η7∃!ϕ7/5+#4!.2!ΑΒΒ∴≅!Η,#)!1#−∋4.0#!+,#!347Γ#∋+!
&−!<.∗%∋:∃∗%(∋1+)∃%02,&ΦΕ!Μ+!.−!&2!#Λ3#4.∃#2+!+,&+!∋7∃0.2#−!8.5∃∃&(.2Φ!<.+,!725.2#!
.2874∃&+.72!−,&4.2Φ≅Θ!χβ/Φ,#−Ι!ΑΒΒ∴ε≅!β/Φ,#−!&21!ϕ7/5+#4!27<!5.:#!.2!Τ#<!
Ζ#&5&21Ι!0/+!+,#!8.4−+!347Γ#∋+!847∃!Ο+4&)!ς.2#∃&!<&−!−,7+!.2!;72172Ι!9Ξ≅!92#1.+#1!
:.1#7!∃&+#4.&5!<&−!4#5#&−#1!+7!+,#!3/05.∋!&−!1.Φ.+&5!∋5.3−!874!&2)72#!+7!17<257&1!
847∃!+,#!Μ2+#42#+≅!Η,.−!∃&+#4.&5!<&−!+,#2!#1.+#1!0)!.21.:.1/&5−!72!+,#.4!7<2!
35&+874∃−!&21!&335.∋&+.72−Ι!&21!∴Ε!8.2.−,#1!#1.+−!<#4#!/357&1#1!0&∋(!72+7!+,#!
Ο+4&)!ς.2#∃&!<#0−.+#≅!∗++&∋,#1!+7!+,#!<#0−.+#!<&−!&!874/∃!&21!&2!725.2#!
∋7∃∃/2.+)!+,#2!:7+#1!72!+,#!0#−+!#1.+−≅!Η,#!0#−+!8.:#!<#4#!−∋4##2#1!&+!&!−3#∋.&5!
8.5∃!2.Φ,+!74Φ&2.ϑ#1!0)!Ο+4&)!ς.2#∃&!.2!;72172!.2!ΑΒΒ]≅!!Η,#!>.4#∋+74κ−!:#4−.72!
∋&2!0#!−##2!&+!/∋∋5,ββ!!!∀2−3∋37∗∀1−&β!∃∋1/⊥(ι4Γϕ(Χκ!&:≅!Μ+!.−!&!
∃72+&Φ#!78!−,7+−!+,&+!87557<−!&!1&)!.2!+,#!5.8#!78!&!<7∃&2!<,7!<74(−!.2!+,#!∋.+)!
0/+!<,7!&5−7!35&)−!+,#!Φ/.+&4!&21!−.2Φ−≅!Μ+!5&−+−!δ!∃.2−!δ!−#∋721−≅!
!
Η,#4#!<#4#!−#:#4&5!1#∋.−.72−!+,&+!,&1!+7!0#!∃&1#!1/4.2Φ!+,.−!347Γ#∋+≅!Η,#!8.4−+!
1#∋.−.72!<&−!,7<!+7!Φ#2#4&+#!+,#!74.Φ.2&5!4&<!:.1#7!∃&+#4.&5≅!Ο#∋7215)Ι!.+!<&−!,7<!
+7!#1.+!+,#!∃&+#4.&5≅!Η,.415)Ι!+,#4#!.−!+,#!6/#−+.72!&−!+7!<,.∋,!8.:#!8.5∃−!<#4#!+,#!
0#−+!+7!0#!−∋4##2#1≅!∗+!#&∋,!78!+,#−#!−+&Φ#−Ι!/−.2Φ!7/4!+&Λ727∃)Ι!+,#!1#∋.−.72Κ
∃&(.2Φ!−+)5#!∋&2!27<!0#!&−−.Φ2#1≅!
!αΒ!
!
<∃&∗%∃!−%:+
Ο+4&)!ς.2#∃&!,&1!&!∋74#!+#&∃!78!8.:#!8.5∃∃&(#4−!+,&+!∋755&074&+#1!∋57−#5)≅!Η,#)!&55!
(2#<!#&∋,!7+,#4!8&∋#Κ+7Κ8&∋#!&21!+,#)!∋5#&45)!,&1!1.88#4#2+!−(.55Κ−#+−≅!β/Φ,#−!&21!
ϕ7/5+#4!74Φ&2.ϑ#1!+,#!347Γ#∋+!&21!β/Φ,#−!1.4#∋+#1!+,#!.2.+.&5!:.1#7!∃&+#4.&5γ!&!Ω#0!
>#:#573#4!∋4#&+#1!+,#!Μ2+#42#+!34#−#2∋#γ!&!ς&∃#4&!Σ3#4&+74!−,7+!+,#!.2.+.&5!
∃&+#4.&5!&21!&!Ο7/21!µ2Φ.2##4!,&1!4#−372−.0.5.+)!874!+,#!−7/21≅!Μ+!<&−!−+4/∋+/4#1!
.2!∃/∋,!+,#!−&∃#!<&)Ι!&−!&!+4&1.+.72&5!8.5∃!<7/51!,&:#!0##2!∃&1#Ι!<.+,!&!ς&∃#4&!
?#4−72Ι!>.4#∋+74!&21!Ο7/21!µ2Φ.2##4≅!Μ+!<&−!8.5∃#1!72!&!57<!0/1Φ#+!&21!<7/51!
3470&05)!,&:#!∃#&2+!+,&+!#:#4)72#!.2:75:#1!&+!+,.−!−+&Φ#!78!+,#!8.5∃!<7/51!,&:#!
,&1!+7!1#&5!<.+,!&!:#4)!85&+!,.#4&4∋,)≅!Μ+!.−!&5−7!+4/#!+,&+!#:#4)72#!<7/51!,&:#!0##2!
1.4#∋+5)!.2:75:#1!.2!−7∃#!&−3#∋+!78!Φ#2#4&+.2Φ!+,#!74.Φ.2&5!∃&+#4.&5!<.+,.2!+,#.4!
1.88#4#2+!475#−Ι!<.+,.2!+,.−!−∃&55!Φ47/3!.+!∋7/51!0#!&4Φ/#1!+,&+!+,.−!−+&Φ#!−,7/51!0#!
∋5&−−#1!&−!&2!Σ∃2.&4∋,)≅!β7<#:#4Ι!&−!∃74#!3&4+.∋.3&2+−!0#∋&∃#!.2:75:#1Ι!+,#!2#<!
3&4+.∋.3&2+−!∋7/51!27+!3&4+.∋.3&+#!74!4#:.−#!+,#!1#∋.−.72−!+,&+!∃&1#!/3!+,.−!−+&Φ#!78!
+,#!347Γ#∋+≅!Μ+!<&−!&5−7!7/+!78!+,.−!−/0Φ47/3Ι!+,&+!+,#!4/5#−!874!+,#!4#−+!78!+,#!347Γ#∋+!
<#4#!874∃#1≅!Η,#4#874#Ι!874!+,.−!4#&−72!.+!,&−!0##2!∋5&−−.8.#1!.2!+,.−!+,#−.−!&−!&2!
Σ5.Φ&4∋,)≅!
!
≅60∋0)4+
∗+!+,.−!37.2+!.2!+,#!347Γ#∋+Ι!β/Φ,#−!&21!+,#!−/0Φ47/3!73#2#1!/3!+,#.4!347Γ#∋+!+7!
#:#4)72#!72!+,#!Μ2+#42#+!&21!&2)72#!<,7!<&2+#1!+7!+&(#!3&4+!.2!#1.+.2Φ!<&−!&05#!
+7!17!−7≅!92#1.+#1!:.1#7!∃&+#4.&5!<&−!37−+#1!725.2#!/21#4!&!ς4#&+.:#!ς7∃∃72−!
;.∋#2−#≅!Η,#4#!<&−!&!−∃&55!&∃7/2+!78!1#∋.−.72Κ∃&(.2Φ!+,&+!<7/51!,&:#!0##2!172#!
0)!+,#!74.Φ.2&5!−/0Φ47/3!.2!741#4!+7!(##3!<,&+!<&−!∃&1#!&:&.5&05#!+7!+,#!3/05.∋!+7!
&!∃.2.∃/∃!8.5#!−.ϑ#!17<257&1≅!?&4+.∋.3&2+−!,&1!+7!4#Φ.−+#4!<.+,!+,#!347Γ#∋+!.2!
741#4!+7!70+&.2!+,.−!∃&+#4.&5Ι!0/+!72∋#!+,#−#!−#∋+.72−!,&1!0##2!17<257&1#1Ι!.+!<&−!
+,#2!∋7∃35#+#5)!73#2!+7!&2)72#!&−!+7!,7<!+,#)!<7/51!3/+!+,#!∃&+#4.&5!+7Φ#+,#4≅!
Η,#!347Γ#∋+!&557<#1!ΑΒ!3#4!∋#2+!78!2#<!∃&+#4.&5≅!Η,.−!−+&Φ#!∋&2!0#!∋5&−−.8.#1!&−!
∗2&4∋,)Ι!0#∋&/−#!&5+,7/Φ,!+,#4#!<#4#!1#8.2.+#!4/5#−!&07/+!,7<!#&∋,!3#4−72!<&−!
&557<#1!+7!/−#!+,#!∃&+#4.&5!χ874!#Λ&∃35#Ι!+,#)!∋7/51!725)!/−#!ΑΒν!78!2#<!∃&+#4.&5!
.2!+,#.4!#1.+#1!8.5∃εΙ!#&∋,!3#4−72!<&−!&557<#1!+7!.2+#434#+!+,#!∃&+#4.&5!.2!<,&+#:#4!
<&)!+,#)!5.(#1≅!!Η,#4#!<&−!27!&∋∋7/2+&0.5.+)!74!.2+#4&∋+.:.+)!<.+,!&2)!78!+,#!7+,#4!
! αΧ!
∃#∃0#4−!78!+,#!347Γ#∋+Ι!&21!−7!+,#4#!<&−!27!∋755#∋+.:#!1#∋.−.72Κ∃&(.2Φ!.2!+,.−!
−+&Φ#≅!?&4+.∋.3&2+−!<#4#!&05#!+7!1#∋.1#!874!+,#∃−#5:#−≅!
!
</−−#0)4+∋/∗+Π∗#∋+≅60∋#+
∴Ε!:#4−.72−!<#4#!/357&1#1!+7!+,#!Ο+4&)!ς.2#∃&!<#0−.+#!&21!+,#2!1.−∋/−−.72!<&−!
#2∋7/4&Φ#1!&07/+!+,#!6/&5.+)!78!#&∋,!:#4−.72!72!&!Ο+4&)!ς.2#∃&!874/∃≅!%#∃0#4−!
<#4#!+,#2!&−(#1!+7!:7+#!874!+,#.4!8&:7/4.+#!#1.+!&21!+,#!8.:#!<.+,!+,#!,.Φ,#−+!
2/∃0#4!78!:7+#−!<#4#!−∋4##2#1≅!Η,.−!−+&Φ#!78!1#∋.−.72Κ∃&(.2Φ!<7/51!,&:#!+&(#2!
35&∋#!&−!&!−+4&.Φ,+874<&41!>#∃7∋4&∋)≅!Μ2+#4#−+.2Φ5)!#27/Φ,Ι!+,#!74.Φ.2&5!−/0Φ47/3!
∋4#&+#1!&!:#4−.72Ι!&21!+,.−!:#4−.72!<&−!−∋4##2#1!&−!<#55≅!∗Φ&.2Ι!+,#4#!.−!&2!
Σ5.Φ&4∋,)!&33#&4.2Φ!&572Φ−.1#!+,#!>#∃7∋4&∋)≅!Μ2!+,.−!<&)Ι!Ο+4&)!ς.2#∃&!−#+!/3!&!
∋7∃3#+.+.:#!∋,&4&∋+#4.−+.∋!+7!+,#.4!347Γ#∋+≅!∗55!+,#!<&)!+,47/Φ,Ι!+,#4#!<#4#!
/21#4+72#−!.2!+,#!347∃7+.72&5!∃&+#4.&5!+,&+!∋,&55#2Φ#1!2#<∋7∃#4−!+7!∋4#&+#!&!
0#++#4!#1.+!+,&2!+,#!∋74#!+#&∃≅!Η,#4#!<&−!27!.+#4&+.:#!347∋#−−Ι!−7!:#4−.72−!<#4#!
27+!4#Κ#1.+#1!.2!&2)!<&)≅!
!
Η,#!87557<.2Φ!+&05#!∋&+#Φ74.ϑ#−!+,#−#!−+&Φ#−Ρ!
!
ς&∃#4&<74(! Σ5.Φ&4∋,)!
µ1.+.2Φ! ∗2&4∋,)!
ς,77−.2Φ!0#−+!#1.+−! >#∃7∋4&∋)!
Γ∃79∗+=.Ι+?)193#0(0∋2+−8+Φ∋%∃2+Π0)∗&∃+
Μ2!&2!.2+#4:.#<!<.+,!β/Φ,#−Ι!%&∋(&)!&−(#1!,#4!<,)!−,#!∋&55#1!,#4−#58!+,#!>.4#∋+74!
78!<,&+!−,#!∋&55#1!&2!73#2!−7/4∋#!8.5∃∃&(.2Φ!347Γ#∋+≅!Ο,#!−&.1Ρ!
!
Σ#∃%∀∃+&%∋+2−2∗.,,/%).&∃%.8∋1∀%9#∃∗%3%;2+∃)∀∃;%∀#∃%02,&%0∋∋∀.−∃6%81∀%3%−1∃((%
∀#∃+∃%9∃+∃%∀9∋%&∃.∗2∗−(%∀∋%∀#.∀Ε%β2∀∃+.,,/6%3%;2;%;2+∃)∀%∀#∃%02,&%0∋∋∀.−∃6%81∀%3%
−1∃((%∀#∃%(∃)∋∗;%∀#2∗−%2(%∀#.∀%3%0∃,∀%∀#.∀%3%9.(%;2+∃)∀2∗−%.∗;%∋5∃+(∃∃2∗−%∀#∃%
:+∋⊥∃)∀%.(%.%9#∋,∃Ε%Α#2,∃%3%8∃,2∃5∃%∀#.∀%2∀%2(%2&:∋+∀.∗∀%∀#.∀%.∗/%∀/:∃%∋0%:+∋⊥∃)∀%2(%
)∋,,.8∋+.∀25∃6%∀.Η2∗−%2;∃.(%0+∋&%,∋∀(%∋0%;200∃+∃∗∀%:∃∋:,∃6%3%(∀2,,%∀#2∗Η%2∀(%
2&:∋+∀.∗∀%∀#.∀%/∋1δ5∃%−∋∀%(∋&∃8∋;/%9#∋%2(%8+2∗−2∗−%∀#∋(∃%2;∃.(%∀∋−∃∀#∃+6%.∗;%
&.Η2∗−%(1+∃%∀#∋(∃%2;∃.(%9∋+Η%2∗%92∀#%∀#∃%52(2∋∗%∀#.∀%/∋1%#.5∃%0∋+%∀#∃%:+∋⊥∃)∀%∋+%
∀#∃%52(2∋∗%/∋1%02+(∀%)+∃.∀∃;%0∋+%∀#∃%:+∋⊥∃)∀Ε%Υ∀#∃+92(∃%2∀%−∃∀(%+∃.,,/%∋1∀%∋0%0∋)1(6%
!αΑ!
.∗;%:∃∋:,∃%;∋∗δ∀%1∗;∃+(∀.∗;%9#.∀%/∋1δ+∃%;∋2∗−%∋+%9#.∀%/∋1δ+∃%∀+/2∗−%∀∋%
.)#2∃5∃Ε%Ζ∋%3%−1∃((%3%9∋1,;%(∃∃%&/(∃,0%.(%,2∀∃+.,,/%∀#∃%;2+∃)∀∋+%∋0%∀#∃%02,&%0∋∋∀.−∃%
0∋+%∀#∃%02+(∀%/∃.+6%81∀%.,(∋%;2+∃)∀2∗−%∀#∃%:+∋⊥∃)∀%.(%.%9#∋,∃Ε%χβ/Φ,#−!+7!%&∋(&)Ι!
ΑΒΒαε!
!
Η,#4#874#Ι!.2!741#4!+7!−/∃∃&4.ϑ#!+,#!Φ7:#42&2∋#!78!Ο+4&)!ς.2#∃&Ι!+,#2Ι!&2!
Σ5.Φ&4∋,)!∋72−.−+#2+5)!(#3+!+,#!347Γ#∋+!Φ7.2Φ!&5+,7/Φ,!.+!73#2#1!.+−#58!/3!07+,!+7!
∗2&4∋,)!&−!<#55!&−!>#∃7∋4&∋)!&+!1.88#4#2+!+.∃#−≅!
!
Η040∋∃9+?0550)4+>−0)∋+
>.Φ.+&5!Η.33.2Φ!?7.2+!χ>Η?ε!.−!&!347Γ#∋+!<∀∋%)+∃.∀∃%∀#∃%9∋+,;δ(%02+(∀%∋:∃∗%(∋1+)∃%
0∃.∀1+∃%02,&Π,∃∗−∀#%;∋)1&∃∗∀.+/Φ!χµ.28#51+Ι!ΑΒΒαεΙ!&21!.+−!∃#+,71!78!3471/∋+.72!
∋57−#5)!87557<−!+,#!<&)!+,&+!Σ3#2!Ο7/4∋#!Ο78+<&4#!.−!3471/∋#1≅!ς,4.−+.&2!µ.28#51+Ι!
<,7!∋&55−!,.∃−#58!+,#!?471/∋#4Ι!.2.+.&+#1!+,#!347Γ#∋+≅!β#!/−#−!:&4.7/−!<#0−.+#−!874!
1.88#4#2+!8/2∋+.72−≅!Η,#4#!.−!+,#!∃&.2!.2874∃&+.72!<#0−.+#!&+!
!!!∀6040∋∃9∋0550)45−0)∋∀1−&Ι!&!/−#4!#1.+&05#!<#0−.+#!874!1.−∋/−−.72!0#+<##2!
∃#∃0#4−Ι!&21!7:#4!ΧΒΒΒ!−#Φ∃#2+−!78!:.1#7!.2+#4:.#<−!−+74#1!&+!+,#!Μ2+#42#+!
∗4∋,.:#!Κ!>.Φ.+&5!Η.33.2Φ!?7.2+!χ/∋∋5,ββ∃%1/0(∗∀−%4β6∗∋∃09#β6040∋∃9∋0550)45−0)∋Ι!
%&4!ΑΒΧ∆ε≅!Η,.−!∃&+#4.&5!.−!&:&.5&05#!+7!#:#4)72#!72!+,#!Μ2+#42#+!&21!&+!+,#!+.∃#!78!
<4.+.2ΦΙ!+,#4#!&4#!&07/+!Ε∴Β!,7/4−!78!∃&+#4.&5≅!∗55!+,.−!∃&+#4.&5!,&−!&!ς4#&+.:#!
ς7∃∃72−!;.∋#2−#Ι!&21!&2)72#!∋&2!37−+!2#<!∃&+#4.&5!+7!+,.−!&4∋,.:#!&−!<#55≅!
>.Φ.+&5!Η.33.2Φ!?7.2+!87557<−!+,#!Σ3#2!Ο7/4∋#!−78+<&4#!∃71#5!−7!∋57−#5)Ι!.2!8&∋+Ι!
+,&+!+,#)!.2+#21!+7!4#5#&−#!.+#4&+.72−!78!+,#!8.5∃!&21!87557<!>#0.&2!∋71#!:#4−.72.2Φ!
27∃#2∋5&+/4#Ρ!0/ϑϑΙ!4#ΛΙ!07Ι!,&∃∃Ι!−5.2(Ι!37+&+7Ι!<771)Ι!−&4Φ#!#+∋,!&21!5#22)≅!
Η,&+!.−!+,#.4!8.4−+!#8874+−!<.55!0#!∋71#Κ2&∃#1!>Η?!0/ϑϑΙ!+,#2!>Η?!4#ΛΙ!+,#2!>Η?!07!
#+∋≅!χ/∋∋5,ββ∗)∀!0:05∗60∃∀−%4β!0:0β∆∗70∃)λΑ∗9∗∃#∗#Ι!%&4!ΑΒΧ∆ε≅!!
!
µ.28#51+!,&−!&∋∋/∃/5&+#1!&!Φ4#&+!1#&5!78!.2+#4:.#<!∃&+#4.&5!&21!,&−!27<!
−/01.:.1#1!+,#!347Γ#∋+!.2+7!8.:#!−/0Κ347Γ#∋+−Ρ!Η4&2−∋4.3+.72Ι!Η4&2−5&+.72Ι!Π.1#7!
µ1.+.2ΦΙ!ς4#&+.2Φ!+,#!?57+Ι!&21!%/−.∋≅!∗!:.1#7!78!34778!78!∋72∋#3+!847∃!+,.−!347Γ#∋+!
∋&2!0#!−##2!&+!/∋∋5,ββ∃%1/0(∗∀−%4β6∗∋∃09#β5%−−8κ−8κ1−)1∗5∋κ8−3%κ&0)#∀&54!≅!Μ+!
.−!∆!∃.2/+#−![]!−#∋721−!.2!5#2Φ+,!&21!.+!∋72−.−+−!78!&!2/∃0#4!78!<#55Κ(27<2!8.Φ/4#−!
+&5(.2Φ!&07/+!+,#!73#2!−7/4∋#!∃7:#∃#2+≅!
!
! αΕ!
<∃&∗%∃!−%:+
µ.28#51+!.2+#4:.#<#1!&!2/∃0#4!78!&335.∋&2+−!&21!&5−7!#25.−+#1!+,#!,#53!78!−3#∋.8.∋!
#Λ3#4+−!+7!,#53!,.∃!<.+,!:.1#7!.−−/#−!4#5&+.2Φ!+7!+,#!Σ3#2!Ο7/4∋#!∃7:#∃#2+≅!
%&∋(&)!&−(#1!µ.28#51+!,7<!,#!∋,7−#!<,7!<&−!&334734.&+#!+7!.2+#4:.#<!&21!,#!
−&.1Ρ!
!
<Υ1+%02+(∀%:+2∋+2∀/%9.(%∀∋%2∗∀∃+52∃9%:∃∋:,∃%9#∋%.+∃%∀#∃%−2.∗∀(%∋0%∀#∃%µ+∃∃%Υ:∃∗%
Ζ∋1+)∃%Ζ∋0∀9.+∃%2∗;1(∀+/Ε%%Α∃%.+∃%.,(∋%2∗∀∃+∃(∀∃;%2∗%;∋)1&∃∗∀2∗−%#∋9%µ+∃∃%
Υ:∃∗%Ζ∋1+)∃%Ζ∋0∀9.+∃%2(%)#.∗−2∗−%∀#∃%9./%∀#.∀%:∃∋:,∃%+∃,.∀∃%∀∋%∋∗∃%.∗∋∀#∃+%
=)1,∀1+∃>%.∗;%(∋%9∃%2∗∀∃+52∃9∃;%∃∗;%1(∃+(ΕΦ!χµ.28#51+!+7!%&∋(&)Ι!ΑΒΧΒε%
!
Σ4.Φ.2&+74−!+,&+!−#+!/3!&2)!347Γ#∋+!,&:#!&2!.22&+#!&/+,74.+)!.2!+,#!347Γ#∋+Ι!3/4#5)!
0#∋&/−#!+,#)!−+&4+#1!.+!788≅!∗!−+472Φ!1.4#∋+.72!.−!2#∋#−−&4)!+7!0#!−#+!7/+!.2!+,#!.2.+.&5!
−+&Φ#−!874!7+,#4−!+7!<&2+!+7!Γ7.2!.2Ι!&21!.2!+,.−!347Γ#∋+Ι!µ.28#51+!:.1#7#1!8.Φ/4#−!5.(#!
;&<4#2∋#!;#−−.ΦΙ!;&44)!∗/Φ/−+.2Ι!Ψ.∋,&41!Ο+&55∃&2Ι!Π.∋+74!Ο+72#!Υ!Ξ#2!Ο+&4(−≅!Η,.−!
87557<−!+,#!∃71#5!78!&2!Σ5.Φ&4∋,)!0#∋&/−#!78!.+−!−+472Φ!5#&1Ι!,7<#:#4Ι!+,.−!3&4+!78!
+,#!347Γ#∋+!.−!&∋+/&55)!−+.55!73#2!+7!&2)72#!+7!−/0∃.+!∃74#!∃&+#4.&5Ι!.8!∋72+4.0/+74−!
<&2+!+7≅!β7<#:#4Ι!.2!+,#!∋7/4−#!78!∃)!4#−#&4∋,Ι!3&4+.∋.3&2+−!,&:#2ι+!∋,7−#2!+7!
87557<!+,.−!+,47/Φ,≅!
?%∃)#1%05∋0−)+
=74!Η4&2−∋4.3+.72Ι!µ.28#51+!,&−!73#2#1!/3!+,#!+&−(!+7!&2)72#≅!?&4+.∋.3&2+−!<,7!
<&2+!+7!∋72+4.0/+#!&4#!&−(#1Ρ!
Χ≅ Η7!3.∋(!&!:.1#7!847∃!+,#!ΧΒΒΒ!−#Φ∃#2+−!725.2#!+,&+!+,#)!&4#!3&4+.∋/5&45)!
.2+#4#−+#1!.2γ!
Α≅ Η7!4#&1!−7∃#!+.3−!&07/+!+4&2−∋4.3+.72!34&∋+.∋#γ!!
Ε≅ Η7!/357&1!+,#!8.2.−,#1!+4&2−∋4.3+.72!.2!&2!&∋∋#−−.05#!8.5#!874∃&+!5.(#!ΨΗ=≅!
!
%&∋(&)!3&4+.∋.3&+#1!.2!+,.−Ι!<74(.2Φ!72!&!5#∋+/4#!0)!;&<4#2∋#!;#−−.Φ!&21!87/21!
+,&+!µ.28#51+!<&−!3#4−72&55)!:#4)!&334#∋.&+.:#≅!
!
Η,.−!−#∋+.72!78!+,#!347Γ#∋+!−,7/51!0#!∋&+#Φ74.ϑ#1!&−!87557<.2Φ!+,#!∗2&4∋,)!∃71#5Ι!
&−!#&∋,!3#4−72!.−!84##!+7!17!<,.∋,#:#4!+&−(!+,#)!<&2+!+7!&−!.21.:.1/&5−≅!β7<#:#4Ι!
&+!−7∃#!−+&Φ#Ι!+,.−!<74(!<7/51!.2#:.+&05)!2##1!+7!0#!+#−+#1!874!6/&5.+)≅!Μ+!.−!27+!
∃#2+.72#1!72!+,#.4!<#0−.+#!,7<!+,.−!<7/51!+&(#!35&∋#Ι!,7<#:#4Ι!&−!&55!+,#!:.1#7!
!α∆!
&21!+4&2−∋4.3+.72−!&4#!&∋∋#−−.05#!+7!#:#4)72#Ι!.+!∋7/51!<#55!0#!+,&+!6/&5.+)!∋72+475!
∋7/51!&5−7!+&(#!35&∋#!<.+,.2!+,#!∗2&4∋,)!∃71#5!&Φ&.2≅!?&4+.∋.3&2+−!∋7/51!∋,77−#Ι!
874!.2−+&2∋#Ι!+7!∋,#∋(!7+,#4!∋72+4.0/+74κ−!<74(!&Φ&.2−+!+,#!:.1#7!874!+,#∃−#5:#−!
&21!/357&1!&!4#:.−#1!#1.+.72≅!∗−!−772!&−!+,#4#!&4#!∃/5+.35#!:#4−.72−!78!&!−.2Φ5#!
+4&2−∋4.3+.72Ι!,7<#:#4Ι!+,#4#!<7/51!2##1!+7!0#!−7∃#!−74+!78!Γ/1Φ∃#2+!∃&1#!&−!+7!
+,#!0#−+!λ788.∋.&5κ!:#4−.72≅!
!
?%∃)#9∃∋0−)+
Η4&2−5&+.72!.−!&!:#4)!−.∃.5&4!347∋#−−≅!β#4#!+,#!347∋#−−!.−!#:#2!∃74#!34705#∃&+.∋Ι!
&−!#.+,#4!µ2Φ5.−,!74!+,#!5&2Φ/&Φ#!+,&+!+,#)!&4#!+4&2−5&+.2Φ!.2+7!<7/51!.2#:.+&05)!0#!
+,#!3&4+.∋.3&2+κ−!−#∋721!5&2Φ/&Φ#!&21!+,#4#874#!1.−∋4#3&2∋.#−!∋7/51!<#55!0#!
.2+471/∋#1≅!µ.28#51+!<&−!&−(#1!&07/+!6/&5.+)!∋72+475!.2!+,.−!−+&Φ#≅!β#!4#35.#1Ρ!
!
θ∋1%#.5∃%)∋++∃)∀,/%2;∃∗∀202∃;%∀#2(%.(%.%Η∃/%2((1∃Ε%%Υ∗∃%∋0%∀#∃%+∃.(∋∗(%0∋+%1(2∗−%.%
92Η2%2(%∀#.∀%2∀%92,,%.,,∋9%∀#∃%)∋&&1∗2∀/%∀∋%)#∃)Η%∀#∃%9∋+ΗΕ%%Σ#∃+∃%2(%.%(./2∗−%2∗%
∀#∃%µΥΖΖ%)∋&&1∗2∀/4%!Ο25∃∗%∃∗∋1−#%∃/∃8.,,(6%.,,%81−(%.+∃%(#.,,∋9!Ε%%Σ#.∀%
&∃.∗(%∀#.∀%20%/∋1%#.5∃%.%(1002)2∃∗∀,/%,.+−∃%.∗;%.)∀25∃%)∋&&1∗2∀/6%/∋1%92,,%8∃%
.8,∃%∀∋%(∋,5∃%∃5∃∗%∀#∃%∀∋1−#∃(∀%:+∋8,∃&(Ε%χµ.28#51+!+7!%&∋(&)Ι!ΑΒΧΒε%
!
Η,.−!−+&Φ#!87557<−!+,#!∗2&4∋,)!∃71#5!874!+,#!∃7−+!3&4+≅!β7<#:#4Ι!.8!&!+4&2−5&+.72!
<&−!∋72+#−+#1!.2!&2)!<&)Ι!+,#2!.+!∃.Φ,+!∋7∃#!/21#4!&2!Σ5.Φ&4∋,)!∃71#5!<,#4#!
#Λ3#4+−!.2!&!3&4+.∋/5&4!5&2Φ/&Φ#!∃.Φ,+!0#!∋&55#1!/372!+7!:#4.8)!−7∃#72#κ−!<74(≅!
!
≅60∋0)4+
Μ2!+,#!Π.1#7!µ1.+.2Φ!−#∋+.72!78!+,#!347Γ#∋+Ι!µ.28#51+!−/ΦΦ#−+#1!+,&+!3&4+.∋.3&2+−!#1.+!
+,#.4!8&:7/4.+#!−#Φ∃#2+−!.2+7!ΕΒΚ−#∋721!−7/21!0.+#−≅!∗Φ&.2Ι!&+!+,.−!−+&Φ#!.+!.−!−+.55!
87557<.2Φ!+,#!∗2&4∋,)!∃71#5≅!
!
<%∗∃∋0)4+∋/∗+>9−∋+
Μ2!∋4#&+.2Φ!+,#!?57+Ι!µ.28#51+!<4.+#−!72!,.−!<.(.Ρ!
!
3∀%#.(%8∃∃∗%(.2;%∀#.∀%.%02,&%∋+%.%8∋∋Η%).∗δ∀%8∃%)+∃.∀∃;%2∗%.∗%∋:∃∗%(∋1+)∃%0.(#2∋∗6%
8∃).1(∃%.%(∀∋+/%2∗#∃+∃∗∀,/%ιχΖΣ%8∃%)+∃.∀∃;%0+∋&%∋∗∃%:∃+(:∃)∀25∃%8/%∋∗∃%&2∗;Ε%
! α[!
Ψ))∋+;2∗−%∀∋%∀#2(%∀#∃∋+/6%∋∗,/%∋∗∃%∋+%∀9∋%&2∗;(%).∗%8∃%(1002)2∃∗∀,/%0.&2,2.+%92∀#%
∀#∃%∀+.∗()+2:∀(%.∗;%∀#∃%0∋∋∀.−∃%∀∋%)+∃.∀∃%.%)∋#∃+∃∗∀%:,∋∀Ε%30%∀∋∋%&.∗/%:∃∋:,∃%−∃∀%
2∗5∋,5∃;6%∀#∃%:,∋∀%92,,%,∋(∃%0∋)1(6%.∗;%8∃)∋&∃%.%&2(#Π&.(#Ε%3%;2(.−+∃∃Ε%3%∀#2∗Η%
∀#.∀%&.∗/%:∃∋:,∃%).∗%8+.2∗(∀∋+&%.8∋1∀%.%:,∋∀6%.,∀#∋1−#%1,∀2&.∀∃,/%.%)∋+∃%
−+∋1:%92,,%;∃)2;∃%∀#∃%()+2:∀Ε%µ∋+%+2−#∀%∗∋96%9∃%.+∃%)∋,,∃)∀2∗−%2;∃.(%.8∋1∀%9#.∀%
/∋1%∀#2∗Η%9∋1,;%&.Η∃%.%−∋∋;%:,∋∀Ε%θ∋1%).∗%52∃9%∀#∃%0∋∋∀.−∃%∋∗Π,2∗∃%.∀%∀#∃%
3∗∀∃+∗∃∀%Ψ+)#25∃δ(%Ω2−2∀.,%Σ2::2∗−%ϑ∋2∗∀%π2;∃∋%γ∋,,∃)∀2∋∗∴%.∗;%/∋1%).∗%+∃.;%∀#∃%
∀+.∗()+2:∀(%8/%−∋2∗−%∀∋%∋1+%92Η2%Σ+.∗()+2:∀2∋∗(%γ.∀.,∋−1∃∴%.∗;%/∋1%).∗%
)∋&&∃∗∀%∋∗%∀#∃%:,∋∀%8/%−∋2∗−%∀∋%∋1+%Ω2−2∀.,%Σ2::2∗−%ϑ∋2∗∀%ϑ,∋∀%µ∋+1&Ε%
=ς2∗0∃,;∀6%∆ΜΜϕ>%
!
Η,.−!.−!27+!#&−.5)!#Λ#∋/+#1!&∋∋741.2Φ!+7!&2!∗2&4∋,)!∃71#5Ι!&21!&−!µ.28#51+!−&)−Ι!
∃&2)!−∋4.3+<4.+#4−!<.55!,&:#!<4.++#2!+,#.4!357+−!/−.2Φ!&!%72&4∋,)!∃71#5≅!µ.28#51+!
&∋(27<5#1Φ#−!+,#!1.88.∋/5+)!,#4#Ι!&21!&5+,7/Φ,!,#!<7/51!5.(#!&−!∃&2)!∃#∃0#4−!+7!
0#!.2:75:#1Ι!,#!−##∃−!+7!−/ΦΦ#−+!+,&+!+,#!1#∋.−.72−!,#4#!<.55!4#&5.−+.∋&55)!0#!∃&1#!
.2!&2!Σ5.Φ&4∋,)≅!
Θ3#01+
Η,#!8.2&5!−#∋+.72!+,&+!µ.28#51+!1.−∋/−−#−!.−!%/−.∋≅!β#4#!,#!1#∋5&4#−Ι!<Ψ;.&%Ω∋Τ∀.∀∃+%
2(%#∃.;2∗−%1:%∀#∃%&1(2).,%()∋+∃Φ!χµ.28#51+Ι!ΑΒΒαε≅!∗Φ&.2Ι!µ.28#51+!5#&2−!+7<&41−!
#2∋7/4&Φ.2Φ!&−!∃&2)!∋72+4.0/+74−!+7!3&4+.∋.3&+#!.2!+,.−!&−3#∋+!78!+,#!8.5∃≅!β#!&−(−!
874!<2∗:1∀%0+∋&%,∋∀(%.∗;%,∋∀(%∋0%:∃∋:,∃Φ!0/+!,#!∋5#&45)!8##5−!+,&+!&!%72&4∋,)!∃71#5!.−!
+,#!0#−+!1#∋.−.72Κ∃&(.2Φ!−+4/∋+/4#!,#4#≅!
!
Η,#!87557<.2Φ!+&05#!∋&+#Φ74.ϑ#−!+,#−#!−+&Φ#−Ρ!
ς&∃#4&<74(! Σ5.Φ&4∋,)!
Η4&2−∋4.3+.72! ∗2&4∋,)!
Η4&2−5&+.72! ∗2&4∋,)!
µ1.+.2Φ! ∗2&4∋,)!
ς4#&+.2Φ!+,#!?57+! Σ5.Φ&4∋,)!
%/−.∋! %72&4∋,)!
Γ∃79∗+=.=+?)193#0(0∋2+−8+∆040∋∃9+Γ0550)4+Υ−0)∋+
!α∴!
Η7!−/∃∃&4.ϑ#Ι!+,#2Ι!>.Φ.+&5!Η.33.2Φ!?7.2+Ι!−##∃−!+7!<&2+!+7!87557<!+,#!∗2&4∋,)!
∃71#5!&−!∃/∋,!&−!37−−.05#!0/+!−##−!+,&+!+,#4#!&4#!−+&Φ#−!<.+,.2!+,#!347Γ#∋+!<,#4#!
.+!.−!∃7−+!34&∋+.∋&5!+7!,&:#!&2!Σ5.Φ&4∋,)!&21!&5−7!&!%72&4∋,)!&+!1.88#4#2+!+.∃#−≅!
!
;+Ε!∃%&+Φ8+;)4∗9#++
Η,#!+,.41!347Γ#∋+!.−!∗!Ο<&4∃!78!∗2Φ#5−≅!∗+!+,#!+.∃#!78!<4.+.2Φ!+,.−!<#0−.+#!.−!
∋/44#2+5)!0#.2Φ!∃7:#1!+7!&!1.88#4#2+!,7−+!&21!−7!.−!/2&:&.5&05#≅!β7<#:#4Ι!1.Φ.+&5!
8.5∃!8#−+.:&5!74Φ&2.ϑ#4Ι!%&++!β&2−72Ι!.2.+.&+#1!+,.−!347Γ#∋+≅!Η,#!:.−.72!0#,.21!+,.−!
347Γ#∋+!<&−!+7!∋4#&+#!&!<ρΒ%&2,,2∋∗%0∃.∀1+∃%02,&%.∗;%Ι−25∃Κ%2∀%.9./%∀∋%∋5∃+%Β%&2,,2∋∗%
:∃∋:,∃6%1(2∗−%∀#∃%3∗∀∃+∗∃∀%.∗;%.%−,∋8.,%)∋&&1∗2∀/%∋0%&∃&8∃+(Φ!χβ&2−72Ι!ΑΒΒδεΙ!0/+!
.2−+#&1!78!Φ7.2Φ!+7!+,#!∃7:.#!∃7Φ/5−!+7!.2:#−+!.2!.+Ι!β&2−72!,&−!Φ72#!+7!+,#!3/05.∋≅!
β#!788#4−!&!ζΑΒ!−/0−∋4.3+.72!+7!+,#!347Γ#∋+≅!Η,#!.1#&!0#.2Φ!+,&+!.8!,#!∋&2!8.21!
[ΒΙΒΒΒ!∃#∃0#4−!78!+,#!3/05.∋!+7!3&4+.∋.3&+#!+,#2!+,#!<,75#!347Γ#∋+!<7/51!,&:#!&!
ζΧΙΒΒΒΙΒΒΒ!0/1Φ#+≅!Η7!1&+#!&07/+!ΧΙΒΒΒ!∃#∃0#4−!,&:#!−/0−∋4.0#1!&21!+,#!347Γ#∋+!
.−!&+!+,#!−+&Φ#!<,#4#!∃#∃0#4−!&4#!1#∋.1.2Φ!72!+,#!357+≅!
!
Μ2!≅2#+!∃&Φ&ϑ.2#Ι!β&2−72!−&.1Ρ!
!
<3%∗∃∃;%[Μ6ΜΜΜ%:∃∋:,∃%∀∋%01∗;%∀#2(%ρΒ&%:+∋⊥∃)∀6%.∗;%∀#∋(∃%[Μ6ΜΜΜ%.+∃%.∗%
∃Τ),1(25∃%)∋&&1∗2∀/Ε%Σ#.∀λ(%.8∋1∀%∀#∃%(27∃%∋0%.%0∋∋∀8.,,%)+∋9;%∋∗%.%Ζ.∀1+;./%
.0∀∃+∗∋∋∗6%81∀%∋∗%∀#∃%3∗∀∃+∗∃∀%.∗;%92∀#%.%−,∋8.,%.1;2∃∗)∃6%∀#.∀λ(%∗∋∀%5∃+/%&1)#∴%
.∗;%∀#∃+∃λ(%.%,∋∀%∋0%:∃∋:,∃%9#∋%.+∃%∃Τ)2∀∃;%.8∋1∀%∀#∃%2;∃.%∋0%8∃2∗−%:.+∀%∋0%.∗%
∃Τ),1(25∃%)∋&&1∗2∀/%.∗;%9.∗∀2∗−%∀∋%8∃%2∗5∋,5∃;%2∗%.%5∃+/%2∗∗∋5.∀25∃%0∃.∀1+∃%
02,&ΕΦ%=Θ.∗(∋∗6%∆ΜΜΞ>%
!
∗−!4#Φ&41−!.+−!Φ7:#42&2∋#!−+4/∋+/4#Ι!β&2−72!,&−!1#−∋4.0#1!,.∃−#58!&−!&!<8∃∗∃5∋,∃∗∀%
;2)∀.∀∋+Φ6!&−!17!∃&2)!5#&1#4−!78!5&4Φ#!Σ3#2!Ο7/4∋#!347Γ#∋+−≅!Μ2!&2!.2+#4:.#<!<.+,!
Ω.(.2#<−!,#!−+&+#−Ι!<ι/%52(2∋∗%92,,%,∃.;%∀#∃%:+∋⊥∃)∀%0∋+9.+;%.∗;%;∃02∗∃%∀#∃%
:.+.&∃∀∃+(6%81∀%∀#∃%Ζ9.+&%).∗%2∗0,1∃∗)∃%∀#.∀%=.∗;%2∗;∃∃;%∋00∃+%2&:+∋5∃&∃∗∀(%∋+%
2∗(2−#∀(%∋∗∃%&2−#∀%∗∋∀%∀#2∗Η%∋0%.,∋∗∃>Φ!χβ&2−72Ι!ΑΒΒ∴ε≅!β#!,&−!+,#!5&−+!<741!72!
#:#4)+,.2Φ!.8!,#!∋,77−#−!+7Ι!&5+,7/Φ,!,#!.−!:#4)!(##2!72!,.−!−/0−∋4.0#4−!0#.2Φ!
.2:75:#1!.2!&−!∃/∋,!78!+,#!1#∋.−.72Κ∃&(.2Φ!&−!37−−.05#≅!Π&4.7/−!7+,#4!3&4+.∋.3&2+−!
&4#!∋5#&45)!3&4+!78!&2!.22#4!∋.4∋5#!78!∃&Γ74!35&)#4−!<.+,.2!+,#!347Γ#∋+Ι!&21!β&2−72!
4#8#4−!+7!+,#−#!∃#∃0#4−!&−!+,#!<Ψ+)#.∗−∃,(ΦΕ!Η,#2!+,#4#!.−!&!5#:#5!78!∋72+4.0/+74−!
! α]!
<,#4#!∃#∃0#4−!78!+,#!∋7∃∃/2.+)!847∃!+,#!347Γ#∋+!∋4#&+#!37−+#4−Ι!−7/21+4&∋(−Ι!74!
+&−(−!+,&+!,&:#!0##2!34#Κ1#8.2#1≅!=.2&55)Ι!+,#4#!−##∃−!+7!0#!+,#!:7+#4−κ!5#:#5!78!
3&4+.∋.3&+.72!+,&+!:7+#−!72!∋5#&45)!1#8.2#1!−+4&+#Φ.∋!∋,7.∋#−≅!
!
∗−!8&4!&−!.−!(27<2Ι!&!8.2.−,#1!3.#∋#!<&−2κ+!3471/∋#1!.2!+,.−!347Γ#∋+≅!
!
Μ2!+,.−!347Γ#∋+!+,#!−+&Φ#−!.2:75:#1!&4#!µ25.−+.2Φ!3&4+.∋.3&2+−γ!ς4#&+.2Φ!+,#!?57+Ι!
ς&∃#4&<74(Ι!µ1.+.2ΦΙ!&21!>.−+4.0/+.72≅!
!
≅)90#∋0)4+5∃%∋0105∃)∋#+
Η,#!−/0−∋4.3+.72!.−!73#2!+7!&2)72#!&21!−7!.2!+,.−!<&)!.+!87557<−!+,#!∗2&4∋,)!
∃71#5≅!β7<#:#4Ι!&−!−772!&−!+,.−!.−!172#!.+!∋4#&+#−!&!∋57−#1!∋.4∋5#!78!3&4+.∋.3&2+−Ι!
∃&1#!/3!78!−/0−∋4.0#4−≅!Η,.−!#Λ∋5/−.:#!−#∋+.72!78!+,#!∋7∃∃/2.+)!∃&(#−!+,#!
1#∋.−.72−≅!
!
<%∗∃∋0)4+∋/∗+>9−∋+
∗+!+,#!∃7∃#2+Ι!+<7!∃&Γ74!357+−!&4#!0#.2Φ!<74(#1!+,47/Φ,!0)!−/0Φ47/3−!<.+,.2!
+,#!347Γ#∋+≅!Ο∃&55!−/0Φ47/3−!&4#!<74(.2Φ!+,#−#!357+−Ι!0/+!+,.−!.−!<.+,!+,#!.2+#2+.72!
78!:7+.2Φ!874!+,#!0#−+!72#!0)!+,#!<,75#!Φ47/3!χ.2+#42&55)!4#8#44#1!+7Ι!&−!Ν∗!Ο<&4∃!
Σ8!∗2Φ#5−Θ!74!∗ΟΣ∗ε≅!Η,#4#!.−!&!1.−∋/−−.72!874/∃!&+!+,#.4!<#0−.+#!&21!.−−/#−!−/∋,!
&−!+,#!2&∃#!78!+,#!8.5∃Ι!74!<,#+,#4!+,#)!−,7/51!357/Φ,!&2)!3478.+−!0&∋(!.2+7!
&27+,#4!347Γ#∋+!&4#!:7+#1!72!0)!∗ΟΣ∗≅!Η,.−!87557<−!&2!Σ5.Φ&4∋,)!∃71#5!&−!#Λ3#4+−!
&4#!&∋+/&55)!∋4#&+.2Φ!+,#!357+≅!∗5+,7/Φ,!+,#4#!.−!&!>#∃7∋4&∋)Ι!<,.∋,!<.55!/5+.∃&+#5)!
1#∋.1#!<,.∋,!78!+,#−#!+<7!357+−!+7!/−#≅!
!
<∃&∗%∃!−%:+
Ω,#2!+,#!8.5∃!−,77+.2Φ!−+&Φ#!0#Φ.2−Ι!+,#!357+!<.55!,&:#!0##2!<74(#1!7/+≅!β&2−72!
<.55!#∃357)!+#∋,2.∋.&2−!3478#−−.72&55)!&21!Φ.:#!34#8#4#2∋#!+7!3478#−−.72&5−!847∃!
<.+,.2!∗ΟΣ∗Ι!74!+,#!∋7∃∃/2.+)!78!−/0−∋4.0#4−≅!Η,.−!∃#&2−!+,#4#!<.55!&!−∃&55!Φ47/3!
78!#Λ3#4+−!<,7!<.55!0#!1#357)#1!+7!Φ#2#4&+#!+,#!:.1#7!&21!+,.−!<7/51!8.+!2#&+5)!.2+7!
+,#!Σ5.Φ&4∋,)!∃71#5≅!
!
!αα!
≅60∋0)4+
∗5+,7/Φ,!+,#!347Γ#∋+!.−!27+!&+!+,&+!−+&Φ#!)#+Ι!.+!−##∃−!.∃35.∋.+!+,&+!β&2−72!<.55!
&Φ&.2!#∃357)!3478#−−.72&5−!+7!17!+,.−!+&−(Ι!−.∃.5&4!+7!+,#!34#:.7/−!−#∋+.72!78!+,#!
347Γ#∋+Ι!&21!−7!+,.−!−#∋+.72!<.55!3470&05)!8.+!.2+7!&2!Σ5.Φ&4∋,)!∃71#5≅!
!
Η0#∋%073∋0−)+
Σ2∋#!#:#4)+,.2Φ!,&−!0##2!∋7∃35#+#1Ι!.+!−##∃−!+,&+!β&2−72!<.55!0#!1.−+4.0/+.2Φ!+,#!
∃7:.#!+,47/Φ,!+,#!Μ2+#42#+!272Κ∋7∃∃#4∋.&55)≅!β#!<.55!<&2+!∋7∃∃#4∋.&5!0/)#4−!
−/∋,!&−!∋.2#∃&−Ι!ΗΠ!∋7∃3&2.#−!&21!>Π>!?471/∋+.72!∋7∃3&2.#−!+7!3/4∋,&−#!+,#!
4.Φ,+−!+7!+,#!8.5∃≅!?4#−/∃&05)Ι!+,#!1#+&.5−!78!+,.−!1#∋.−.72!<.55!0#!−#++5#1!
1#∃7∋4&+.∋&55)!&21!,#2∋#!8.+−!.2+7!+,#!>#∃7∋4&∋)!∃71#5≅!
!
Μ2!≅2#+!∃&Φ&ϑ.2#!β&2−72!−&.1Ρ!
!
Σ#∃%02,&%2∗;1(∀+/%+∃.,,/%∗∃∃;(%∀∋%∃&8+.)∃%∀#∃%3∗∀∃+∗∃∀6%.∗;%∀#∃%9./%∀∋%;∋%∀#2(%
2(∗λ∀%8/%,2)∃∗(2∗−%&∋52∃%;∋9∗,∋.;%(2∀∃(6%9#∃+∃%.%02,&%)∋(∀(%&∋+∃%∀#.∗%.%ΩπΩΕ%
Σ#.∀%2(%∀∋∀.,,/%∗∋∀%∀#∃%9./%∀∋%−∋Ε%3%∀#2∗Η%∀#∃/%92,,%(∋∋∗%+∃.,27∃%∀#.∀6%81∀%∀#∃/%
#.5∃%∗∋∀%9∋+Η∃;%∋1∀%∀#∃2+%81(2∗∃((%&∋;∃,%/∃∀Ε%3∀%∀.Η∃(%:∃∋:,∃%,2Η∃%&∃6%9#∋%.+∃%
∋1∀(2;∃%∀#∃%(/(∀∃&6%∀∋%;∋%∀#.∀Ε%Ψ%Ζ9.+&%∋0%Ψ∗−∃,(%2(%.%+.:∀∋+%ο%&∋+∃%.−2,∃%.∗;%
?12)Η∃+%∀#2∗Η2∗−%ο%)∋&:.+∃;%∀∋%∀#∃%;2:,∋;∋)1(%∋0%Θ∋,,/9∋∋;6%9#2)#%2(%
:∋∗;∃+∋1(%8∃).1(∃%∋0%2∀(%(27∃6%.∗;%∀#∃%8,∋)Η81(∀∃+%&∋;∃,%2∀%#.(%)+∃.∀∃;%9#∃+∃%
02,&(%.+∃%.%82−%8.∗−%∋+%.%81(∀Ε%=Θ.∗(∋∗6%∆ΜΜΞ8>%
!
Η,#!87557<.2Φ!+&05#!∋&+#Φ74.ϑ#−!+,#−#!−+&Φ#−Ρ!
µ25.−+.2Φ!3&4+.∋.3&2+−! ∗2&4∋,)!
ς4#&+.2Φ!+,#!?57+! Σ5.Φ&4∋,)!
ς&∃#4&<74(! Σ5.Φ&4∋,)!
µ1.+.2Φ! Σ5.Φ&4∋,)!
>.−+4.0/+.72! >#∃7∋4&∋)!
Γ∃79∗+=.>+?)193#0(0∋2+−8+<+Φ!∃%&+−8+<)4∗9#+
Η7!−/∃∃&4.ϑ#Ι!+,#2Ι!∗!Ο<&4∃!78!∗2Φ#5−!.−!∃&4(#+#1!&−!&!1#∃7∋4&+.∋!<&)!78!
8.5∃∃&(.2Φ≅!β7<#:#4Ι!2#&45)!&55!.+−!1#∋.−.72−!<.55!0#!∃&1#!∃7−+5)!<.+,.2!&2!
Σ5.Φ&4∋,)≅!!
! αδ!
!
≅9∗5/∃)∋β#+Η%∗∃&+
µ5#3,&2+ι−!>4#&∃!χ/∋∋5,ββ−%∃)4∗∀79∗)6∗%∀−%4φ!%&4!ΑΒΧ∆ε!<&−!&!347Γ#∋+!+,&+!<&−!
∋7∃35#+#1!.2!#.Φ,+!∃72+,−≅!Η,#!∃7:.#!<&−!34#∃.#4#1!.2!%&4∋,!ΑΒΒ∴!&21!+,#!.1#&!
0#,.21!.+!<&−!+7!4#−+4.∋+!+,#!−78+<&4#!/−#1!.2!∋4#&+.2Φ!+,#!Ε>!&2.∃&+.72!−,74+!+7!
Σ3#2!Ο7/4∋#!−78+<&4#≅!!Μ+!<&−!3471/∋#1!0)!Η72!Ψ77−#21&&5Ι!+,#!5#&1!1#:#573#4!78!
_5#21#4Ι!&!Ε>!∃71#55.2ΦΙ!&2.∃&+.2ΦΙ!&21!4#21#4.2Φ!&335.∋&+.72!+,&+!<&−!+,#!∃&.2!
−78+<&4#!+,&+!<&−!/−#1!.2!+,#!347Γ#∋+≅!_7+,!+,#!_5#21#4!=7/21&+.72!&21!+,#!
Τ#+,#45&21−!%#1.&!∗4+!Μ2−+.+/+#!8/21#1!.+≅!Η,#!_5#21#4!=7/21&+.72!4&.−#1!+,#.4!
,&58!78!+,#!8.2&2∋#!0)!−#55.2Φ!34#Κ741#4#1!∋73.#−!78!+,#!8.2.−,#1!>Π>!&21!&2)72#!
<,7!07/Φ,+!+,#!>Π>!0)!+,#!Χ−+!Ο#3+#∃0#4!ΑΒΒ[Ι!<&−!&11#1!+7!+,#!5.−+!78!8.5∃!
∋4#1.+−≅!Ψ77−#21&&5!#∃357)#1!72#!+#∋,2.∋.&2!&21!8.:#!&4+.−+−!847∃!+,#!_5#21#4!
725.2#!∋7∃∃/2.+)!+7!<74(!<.+,!,.∃!72!+,#!8.5∃!874!−#:#2!∃72+,−≅!Η,#!−.Λ!
∃#∃0#4−!<#4#!−#5#∋+#1!847∃!+,#!_5#21#4!725.2#!∋7∃∃/2.+)Ι!&21!+,#!−/∋∋#−−8/5!
&335.∋&2+−!∋&∃#!847∃!Τ#+,#45&21−Ι!9Ο∗Ι!ϕ#4∃&2)Ι!∗/−+4&5.&!&21!=.25&21≅!Μ+!<&−!+,#!
<.22#4!78!+,#!&<&41!874!η_#−+!9−#!78!ςϕΜ!<.+,!;.2/Λ⊥Σ3#2!Ο7/4∋#η!&+!+,#!9Ξ!;.2/Λ!
&21!Σ3#2!Ο7/4∋#!∗<&41−!ΑΒΒ∴≅!;7−.2Φ!27∃.2##−!.2!+,.−!∋&+#Φ74)Ι!<#4#!
>4#&∃<74(−ι!Σ:#4!+,#!β#1Φ#!&21!Ο72)⊥Μ∃&Φ#<74(−ι!%72−+#4!β7/−#≅!
!
Η,#!8.2.−,#1!3.#∋#!847∃!+,.−!347Γ#∋+!∋&2!0#!−##2!&+!/∋∋5,ββ(0&∗−∀1−&β;;=ΙΤ=≅≅!
Μ2!+,#!−+74)Ι!+<7!−+4&2Φ#!∋,&4&∋+#4−!#Λ3574#!+,#!.22#4!<74(.2Φ!78!&!,/Φ#!&21!
−##∃.2Φ5)!.28.2.+#!∃&∋,.2#≅!Η,#!#51#4Ι!?477ΦΙ!&∋+−!&−!&!+7/4ΚΦ/.1#Ι!−,7<.2Φ!788!+,#!
−.Φ,+−!&21!1&2Φ#4−!78!+,#!∃&∋,.2#!+7!,.−!.2.+.&55)!∋/4.7/−!0/+!.2∋4#&−.2Φ5)!−∋#3+.∋&5!
347+{Φ{Ι!µ∃7≅!Μ+!.−!ΧΒ!∃.2/+#−!&21![∆!−#∋721−!.2!5#2Φ+,≅!
!
Η,#!−+&Φ#−!78!+,.−!8.5∃!347Γ#∋+!<#4#!&−!87557<−Ρ!µ25.−+.2Φ!3&4+.∋.3&2+−Ι!=.5∃!
?471/∋+.72Ι!%/−.∋!&21!+,#2!>.−+4.0/+.72!
!
≅)90#∋0)4+5∃%∋0105∃)∋#+
Μ2!741#4!+7!4#∋4/.+!+,#!<74(874∋#!874!+,.−!347Γ#∋+Ι!Ψ77−#21&&5!&1:#4+.−#1!874!−.Λ!
<74(#4−!847∃!+,#!_5#21#4!725.2#!∋7∃∃/2.+)Ι!&21!,#!−#5#∋+#1!<,7∃!,#!<&2+#1!+7!
<74(!<.+,!72!+,.−!347Γ#∋+≅!95+.∃&+#5)Ι!72#!3#4−72!∃&1#!+,.−!1#∋.−.72!&21!−7!+,.−!
−+&Φ#!<7/51!87557<!+,#!%72&4∋,)!∃71#5≅!
!δΒ!
!
Γ09&+>%−631∋0−)+
∗−!+,#!34#Κ−&5#−!78!+,#!>Π>−!∃&1#!+,#!347Γ#∋+!37−−.05#Ι!+,#)!2##1#1!+7!0#!.2∋5/1#1!
.2!+,#!∋4#1.+−!78!+,.−!8.5∃≅!Η,#4#874#Ι!.2!+,.−!−#2−#!+,#!8.5∃!<&−!∃&1#!0)!6/.+#!&!
−∃&55!Φ47/3!78!#Λ3#4+−!.2!∋7∃3&4.−72!+7!+,#!<,75#!Φ47/3!&21!−7!87557<−!+,#!
Σ5.Φ&4∋,)!∃71#5≅!Η,#4#!<#4#!+.∃#−!<,#2Ι!1/4.2Φ!+,#!3471/∋+.72Ι!+,#4#!<&−!&5−7!&!
∋&55!874!7+,#4!∃#∃0#4−!78!+,#!_5#21#4!∋7∃∃/2.+)!+7!Φ#+!.2:75:#1!.2!−7∃#!
+4&2−5&+.72!<74(!&21!347:.1.2Φ!3,7+7Φ4&3,.∋!+#Λ+/4#−≅!Ο7!+,#4#!<#4#!+.∃#−!<,#2!
+,.−!−+&Φ#!+7/∋,#1!72!+,#!∗2&4∋,)!∃71#5!&−!<#55≅!
!
Θ3#01+
Η,#!∃/−.∋!874!+,.−!347Γ#∋+!<&−!7/+−7/4∋#1!847∃!+,.−!−∃&55!&4+.−+!∋7∃∃/2.+)Ι!&21!
Ω.(.2#<−!&−(#1!<,)!34734.#+&4)!−78+<&4#!<&−!/−#1!.2!+,.−!−+&Φ#Ι!Φ.:#2!+,#.4!
74.Φ.2&5!&.∃−≅!Ψ77−#21&&5!4#35.#1Ρ!
!
Α∃δ5∃%,2&2∀∃;%∀#∃%!Υ:∃∗%Ζ∋1+)∃%∀∋∋,(!%+∃?12+∃&∃∗∀%∀∋%∋1+%∋9∗%Ζ∀1;2∋%Υ+.∗−∃%
∋∗,/Ε%Σ#.∀%9.(%9#.∀%9∃%)∋1,;%Η∃∃:%2∗%)∋∗∀+∋,%.∀%,∃.(∀6%.∗;%3%).∗%∀∃,,%/∋1%2∀%9.(%
∗∋∀%.,9./(%∃.(/%∃5∃∗ΕΕΕ%4>%µ∋+%(∋1∗;%.∗;%&1(2)6%9∃%#.5∃%;∃)2;∃;%0+∋&%∀#∃%
8∃−2∗∗2∗−%∀∋%(∃∃Η%.∗%∃Τ∀∃+∗.,%(:∋∗(∋+Ε%Α∃%#.5∃%)#∋(∃∗%∀∋%9∋+Η%92∀#%∀#∃%8∃(∀%
?1.,2∀/%(∀1;2∋%.∗;%)∋&:∋(∃+%9∃%)∋1,;%02∗;6%:+∃0∃+.8,/%1(2∗−%∋:∃∗%(∋1+)∃6%81∀%
∗∋∀%.(%.%:+∃+∃?12(2∀∃Ε%ι/%∋9∗%)∋&:∃∀∃∗)∃%2(%(∋,∃,/%92∀#2∗%∀#∃%γΟ%Ι)∋&:1∀∃+%
−+.:#2)(6%ς;ΕΚ%(2;∃%∋0%&∋52∃%&.Η2∗−Ε%Α#∃∗%2∀%)∋&∃(%∀∋%&1(2)%∃;2∀2∗−6%∋+%52;∃∋%
∃∗)∋;2∗−%.∗;%ΩπΩ%.1∀#∋+2∗−6%3%)∋1,;%∋∗,/%;∃)2;∃%∀∋%)#∋∋(∃%∀∋%9∋+Η%92∀#%
∃Τ∀∃+∗.,%:.+∀2∃(%92∀#%:+∋5∃∗%)∋&:∃∀∃∗)∃(%2∗%∀#.∀%.+∃.Ε%3%#.5∃%∀∋%8∃%:+.)∀2).,%2∗%
:+∋⊥∃)∀(%,2Η∃%∀#2(6%∃(:∃)2.,,/%∀∋%∃∗(1+∃%2∀%92,,%8∃%+∃.,27∃;Ε%χΨ77−#21&&5Ι!ΑΒΒ∴ε%
!
Η,#4#!&4#!∃&2)!−3#∋.&5.ϑ#1!−(.55−!.2:75:#1!<.+,!8.5∃∃&(.2ΦΙ!−7!.+!.−!274∃&5!34&∋+.∋#!
+7!04.2Φ!.2!#Λ3#4+−!874!&!3&4+.∋/5&4!&−3#∋+!5.(#!∃/−.∋!&21!−7/21!#88#∋+−≅!Η,.−!−+&Φ#!
8.+−!.2!+,#!%72&4∋,)!∃71#5≅!
!
Η0#∋%073∋0−)+
∗55!+,#!∃&+#4.&5!+,&+!<#2+!.2+7!∃&(.2Φ!+,#!8.5∃Ι!.2∋5/1.2Φ!+,#!−7/21!+4&∋(!,&−!−.2∋#!
0##2!4#5#&−#1!/21#4!&!ς4#&+.:#!ς7∃∃72−!5.∋#2−#Ι!−7!+,&+!.+!.−!27<!37−−.05#!874!
! δΧ!
&2)72#!+7!4#:.−#!+,#!−+74)!&21!∃&(#!+,#.4!7<2!:#4−.72!78!+,#!8.5∃≅!Μ2!8&∋+Ι!−#:#4&5!
∃#∃0#4−!78!+,#!3/05.∋!,&:#!−.2∋#!∃&1#!+,#.4!7<2!:#4−.72−Ι!87557<.2Φ!+,#!∗2&4∋,)!
∃71#5≅!
!
Η,#!87557<.2Φ!+&05#!∋&+#Φ74.ϑ#−!+,#−#!−+&Φ#−Ρ!
µ25.−+.2Φ!?&4+.∋.3&2+−! %72&4∋,)!
=.5∃!?471/∋+.72! Σ5.Φ&4∋,)!
?7−+Κ3471/∋+.72! %72&4∋,)!
>.−+4.0/+.72! ∗2&4∋,)!
Γ∃79∗+=.Μ+?)193#0(0∋2+−8+Ω9∗5/∃)∋Ξ#+∆%∗∃&+
Μ2!−/∃∃&4)Ι!+,#2Ι!µ5#3,&2+−!>4#&∃!∃&.25)!<74(#1!&∋∋741.2Φ!+7!+,#!Σ5.Φ&4∋,)!
∃71#5Ι!&−!+,#!∃&Γ74.+)!78!+,#!347Γ#∋+!∋72−.−+#1!78!+,#!=.5∃!?471/∋+.72!−+&Φ#≅!
!
?/∗+Π∗+Ρ0)6+Α∗!0)6+>%−∋−1−9+
;&−+5)Ι!+,#!_#!Ξ.21!Ψ#<.21!?47+7∋75!.−!&!077(!<4.++#2!0)!%.∋,#5!ϕ7214)!.2!741#4!+7!
<:1∀%∀#∃%∀∋∋,(%∋0%02,&&.Η2∗−%2∗%∀#∃%#.∗;(%∋0%.(%&.∗/%:∃∋:,∃%.(%:∋((28,∃Φ!χϕ7214)Ι!
ΑΒΒαε≅!β#!<47+#!.+!&8+#4!,#!1.4#∋+#1!+,#!8.5∃!Ν_#!Ξ.21!Ψ#<.21Θ!.2!<,.∋,!,#!
8&∋.5.+&+#1!&!4#&5!∋7∃∃/2.+)!.2!?&−−&.∋Ι!Τ#<!φ74(!+7!∋4#&+#!&!8.5∃!&07/+!=&+−!
Ω&55#4≅!∗+!Τ#<!φ74(ι−!>#.+∋,!?47Γ#∋+−Ι!ϕ7214)!+77(!+,.−!∋72∋#3+!8/4+,#4!.2!
=#04/&4)!&21!%&4∋,!78!ΑΒΒαΙ!&21!∋72−+4/∋+#1!&!17Κ.+Κ)7/4−#58!8.5∃!−+/1.7!.2!<,.∋,!
&2)!:.−.+74!∋7/51!&−−#∃05#!+,#.4!7<2!8.5∃≅!Η,.−!<&−!27+!&2!725.2#!347Γ#∋+Ι!0/+!
ϕ7214)ι−!077(!17∋/∃#2+−!,7<!,#!&44.:#1!&+!&!347∋#−−!78!,7<!∃#∃0#4−!78!+,#!
3/05.∋!∋&2!∃&(#!+,#.4!7<2!8.5∃−!.2!Α!&21!&!,&58!,7/4−≅!Η,#4#874#Ι!.+!<7/51!0#!:#4)!
∃/∋,!.2!(##3.2Φ!<.+,!+,#!+)3#!78!∋5.3−!+,&+!)7/!∃.Φ,+!#Λ3#∋+!72!φ7/Η/0#≅!
!
Μ2!+,#!.2+471/∋+.72!+7!,.−!077(Ι!ϕ7214)!<4.+#−Ρ!
!
3∗%∋+;∃+%∀∋%:+∋52;∃%.%&2∗2&1&%∗1&8∃+%∋0%+∃(∀+2)∀2∋∗(%.∗;%.%&.Τ2&1&%.&∋1∗∀%
∋0%01∗6%∀#∃%:+∋∀∋)∋,%)∋∗(2(∀∃;%∋0%∀9∋%9∋+Η(#∋:(%2∗%9#2)#%:.+∀2)2:.∗∀(%0∋,,∋9∃;%
2∗(∀+1)∀2∋∗(%∀#.∀%−12;∃;%∀#∃&%.(%∀#∃/%8+.2∗(∀∋+&∃;%2;∃.(6%)+∃.∀∃;%.%(∀∋+/,2∗∃6%
.∗;%∀#∃∗%:,.∗∗∃;%∋1∀%∀#∃%∋∀#∃+%5.+2∋1(%∗.++.∀25∃%.∗;%:+∋;1)∀2∋∗%;∃∀.2,(Ε%3%
9∋+Η∃;%5∃+/%#.+;%∀∋%02∗;%∀#∃%8∃(∀%8.,.∗)∃%∀∋%(∀2&1,.∀∃%∃5∃+/∋∗∃λ(%2&.−2∗.∀2∋∗%
.∗;%.5∋2;%2∗.;5∃+∀∃∗∀%;∋&2∗.∀2∋∗%∋0%∀#∃%)+∃.∀25∃%:+∋)∃((%8/%(∀+∋∗−∃+%∋+%&∋+∃%
!δΑ!
)∋&:1,(25∃%&∃&8∃+(%∋0%∃.)#%−+∋1:Ε%Γ.(2).,,/6%∀#∃%+1,∃(%9∃+∃%;∃52(∃;%∀∋%.,,∋9%
∀#∃%)∋&&1∗2∀/%∀∋%8∃%∀#∃%,∃.;∃+Ε%χϕ7214)Ι!ΑΒΒαΡ![ε%
!
Μ2!+,#!0&∋(!78!,.−!077(Ι!ϕ7214)!5.−+−!,.−!347+7∋75≅!
!
∗2!#Λ&∃35#!78!&!8.5∃!+,&+!87557<#1!+,#!_#!(.21!Ψ#<.21!347+7∋75!∋&2!0#!−##2!&+!
/∋∋5,ββ!!!∀2−3∋37∗∀1−&β!∃∋1/⊥(ι2#Βς3#Γ1&ϕ+Μ+!+#55−!+,#!−+74)!78!&!047+,#4!
&21!−.−+#4!8.Φ,+.2Φ!7:#4!+,#.4!∃7+,#4κ−!−7/5≅!Μ+!5&−+−!∴!∃.2/+#−!&21!∴!−#∋721−≅!
!
Η,#4#!&4#!+,4##!−#∋+.72−!+7!+,.−!347+7∋75Ρ!ς4#&+.2Φ!+,#!?57+Ι!Ο+74)07&41.2Φ!Υ!
ς&∃#4&<74(≅!
<%∗∃∋0)4+∋/∗+>9−∋+
ϕ7214)!4#∋7∃∃#21−!+,&+!+,#!8.4−+!+&−(!874!+,#!Φ47/3!+7!1#∋.1#!.−!+7!−#++5#!72!&!
Φ#24#Ι!+,#2!&!+.+5#!&21!+,#2!+,#!−+74)5.2#≅!∗+!#&∋,!78!+,#−#!1#∋.−.72−Ι!ϕ7214)!−&)−!
+,&+!#:#4)72#!−,7/51!34737−#!+,#.4!.1#&−!&21!+,#2!−,7/51!:7+#!72!#&∋,!72#≅!Η,.−!
87557<−!+,#!∃71#5!78!>#∃7∋4&∋)≅!Μ2!,.−!347+7∋75Ι!+,.−!−+&Φ#!−,7/51!+&(#!∆[!∃.2/+#−≅!
Ε∋−%27−∃%60)4+
Μ2!+,.−!−+&Φ#Ι!+,#!−+74)5.2#!.−!047(#2!17<2!.2+7!#&∋,!−∋#2#Ι!&07/+!#.Φ,+!+7!+<#5:#!.2!
&55!&21!#&∋,!−∋#2#!−,7/51!5.−+!+,#!+.∃#!78!1&)γ!+,#!57∋&+.72γ!+,#!&∋+.72γ!+,#!∋,&4&∋+#4!
2&∃#−!&21!<,7!<.55!35&)!+,#∃γ!<,&+!∋7−+/∃#−!+,#)!<.55!0#!<#&4.2Φγ!&21!&2)!
2&44&+.:#!∋&41−!+,&+!∋&2!0#!/−#1!+7!,#53!+#55!+,#!−+74)≅!ϕ7214)!&557∋&+#−!&27+,#4!∆[!
∃.2/+#−!874!+,.−Ι!&21!4#∋7∃∃#21−!+,&+!#:#4)72#!Φ#+−!.2:75:#1!.2!+,.−!.2!−7∃#!<&)≅!
Σ2#!3#4−72!<.55!<4.+#!7/+!+,#!1#∋.−.72−!+,#!<,75#!Φ47/3!∃&(#−!&21!+,#!7+,#4−!
∃&(#!−/4#!+,&+!+,#!2&44&+.:#!∋&41−!&4#!<4.++#2!7/+Ι!74!<,&+!3473−!<.55!0#!/−#1!#+∋≅!
µ:#4)72#ι−!1.4#∋+!.2:75:#∃#2+!87557<−!+,#!Σ∃2.&4∋,)!∃71#5≅!
<∃&∗%∃!−%:+
Η,#!∋&∃#4&3#4−72Ι!ϕ7214)!−/ΦΦ#−+−Ι!−,7/51!1.4#∋+!+,#!8.5∃.2Φ!−+&Φ#Ι!&−!+,#)!<.55!
(27<!<,&+!,&−!0##2!8.5∃#1!&21!<,&+!.−!,&33#2.2Φ!+7!+,#!−+74)≅!β#!−&)−!+,&+!+,.−!
3#4−72!−,7/51!#1.+!.+!.2!∋&∃#4&!χ.≅#≅!−,77+.2Φ!#:#4)+,.2Φ!.2!−#6/#2∋#!&21!/−.2Φ!+,#!
3&/−#!0/++72!.2!0#+<##2!∋5.3−Ι!<.+,7/+!#:#4!4#+&(.2Φ!&!−∋#2#ε!&21!+,&+!+,.−!−+&Φ#!
−,7/51!+&(#!27!∃74#!+,&2!&2!,7/4!+7!∋7∃35#+#≅!ϕ7214)!−&)−!+,&+!+,#!∋&∃#4&3#4−72!
−,7/51!2#:#4!4#+&(#!&2)!−,7+−!&21!+,&+!+,#)!−,7/51!#∃04&∋#!.∃3#48#∋+.72!.8!+,.2Φ−!
17!27+!6/.+#!Φ7!4.Φ,+≅!∗+!8.4−+!Φ5&2∋#Ι!+,.−!−+&Φ#!−##∃−!+7!87557<!+,#!%72&4∋,)!
! δΕ!
∃71#5Ι!,7<#:#4Ι!&55!+,#!−+4&+#Φ.∋!1#∋.−.72−!,&:#!&54#&1)!0##2!∃&1#!0)!+,.−!−+&Φ#Ι!
.2!8&∋+!+,#!∋&∃#4&3#4−72!.−!#Λ#∋/+.2Φ!+,#!<,75#!Φ47/3κ−!1#∋.−.72−!&21!−7!−,7/51!0#!
∋5&−−.8.#1!&−!&2!Σ∃2.&4∋,)!&Φ&.2≅!
!
Η,#!87557<.2Φ!+&05#!∋&+#Φ74.ϑ#−!+,#−#!−+&Φ#−Ρ!
ς4#&+.2Φ!+,#!?57+! >#∃7∋4&∋)!
Ο+74)07&41! Σ∃2.&4∋,)!
ς&∃#4&<74(⊥µ1.+.2Φ! Σ∃2.&4∋,)!
Γ∃79∗+=.Ρ+?)193#0(0∋2+−8+Ψ∗+Ν0)6φ+Α∗!0)6+
Μ2!−/∃∃&4)Ι!+,#!_#!Ξ.21!Ψ#<.21!?47+7∋75!.−!&!:#4)!.2∋5/−.:#!347Γ#∋+!−+4/∋+/4#≅!
!
<−)193#0−)#+8%−&+∋/∗#∗+−5∗)+809&&∃:0)4+5%−α∗1∋#+
Μ+!∋&2!0#!−##2!847∃!+,#−#!8.:#!#Λ&∃35#−!+,&+!#:#2!+,7/Φ,!#&∋,!347Γ#∋+!07&−+−!78!
0#.2Φ!73#2!&21!3&4+.∋.3&+.:#Ι!&55!78!+,#∃!,&:#!1#∋.−.72Κ∃&(.2Φ!−+&Φ#−!<.+,.2!+,#.4!
3471/∋+.72!347∋#−−!+,&+!4#5)!72!+,#4#!0#.2Φ!&!37<#48/5!∃.274.+)!<,7!<.55!∃&(#!
1#∋.−.72−!72!0#,&58!78!+,#!<,75#!Φ47/3≅!!
!
∗∋∋741.2Φ!+7!+,#!+&Λ727∃)Ι!+,#2Ι!+,#!∃7−+!.2∋5/−.:#!725.2#!347Γ#∋+!5.−+#1!,#4#!
<7/51!0#!+,#!_#!Ξ.21!Ψ#<.21!?47+7∋75Ι!<,#4#!.+!.−!−+4/∋+/4#1!−7!+,&+!#:#4)72#!.2!
+,#!Φ47/3!∋&2!∋72+4.0/+#!&+!#:#4)!−+&Φ#≅!Η,#!+&−(!874!Ο<&4∃!ΗΠ!&21!874!+,#!
4#−#&4∋,!.2!+,.−!+,#−.−Ι!+,#2Ι!.−!+7!1#−.Φ2!+,#!347∋#−−!874!8.5∃∃&(.2Φ!−7!+,&+!&+!#&∋,!
−+&Φ#!+,#!1#∋.−.72Κ∃&(.2Φ!.−!&−!&5−7!&−!.2∋5/−.:#!&−!37−−.05#≅!Μ+!.−!.∃374+&2+!+,&+!.+!
<.55!0#!/−.2Φ!∃71#5−!+,&+!87557<!>#∃7∋4&∋)Ι!Σ∃2.&4∋,)!74!∗2&4∋,)Ι!&21!&:7.1.2Φ!
−+&Φ#−!78!%72&4∋,)!74!Σ5.Φ&4∋,)≅!
!
µ&∋,!78!+,#−#!−+&Φ#−!2##1−!3&4+.∋/5&4!∋72+4.0/+74−!<.+,!−3#∋.8.∋!−(.55−Ι!−7!+,#!(#)!+7!
&:7.1.2Φ!%72&4∋,)!74!Σ5.Φ&4∋,)!.−!+7!
Χ≅ Σ3#2!/3!+,#!<74(!+7!&−!∃&2)!3&4+.∋.3&2+−!&−!37−−.05#γ!
Α≅ Ω74(!+,47/Φ,!&−!∃&2)!78!+,#!−+4&+#Φ.∋!1#∋.−.72−!<.+,!+,#!<,75#!Φ47/3!&−!
37−−.05#γ!
Ε≅ ∗∋+.:#5)!&:7.1!.21.:.1/&5−!74!∃.274.+)!−/0Φ47/3−!874∃.2Φ!+,&+!<74(!
+,#∃−#5:#−!.2+7!&!37−.+.72!78!&/+,74.+)Ι!&21!∃&(#!1#∋.−.72−!+,47/Φ,7/+!+,#!
<,75#!347Γ#∋+≅!
!δ∆!
Η,#!8.4−+!Φ/.1#5.2#!,#4#!,.Φ,5.Φ,+−!&!87/4+,!34.2∋.35#!+7!17!<.+,!Σ3#22#−−Ρ!
!
?)193#0(0∋2+
?4.2∋.35#Ρ!%72&4∋,.#−!&21⊥74!Σ5.Φ&4∋,.#−!874∃!#&−.5)≅!
ϕ/.1#5.2#Ρ!Σ3#2!/3!+,#!<74(!+7!&−!∃&2)!3&4+.∋.3&2+−!&−!37−−.05#≅!
!
Η,#!−#∋721!Φ/.1#5.2#!,.Φ,5.Φ,+−!&!87/4+,!34.2∋.35#!+7!17!<.+,!ς755&074&+.72Ρ!
!
Φ∋%∃∋∗401+∆∗10#0−)#+
?4.2∋.35#Ρ!Μ+!.−!#&−.#4!+7!∃&(#!−+4&+#Φ.∋!1#∋.−.72−!<.+,!8#<#4!3&4+.∋.3&2+−!
ϕ/.1#5.2#Ρ!Ω74(!+,47/Φ,!&−!∃&2)!78!+,#!−+4&+#Φ.∋!1#∋.−.72−!<.+,!+,#!<,75#!Φ47/3!
&−!37−−.05#≅!
!
Η,#!+,.41!Φ/.1#5.2#!,.Φ,5.Φ,+−!&!87/4+,!34.2∋.35#!+7!17!<.+,!Τ72Κ,.#4&4∋,)Ρ!
!
Π90Ο3∗#+
?4.2∋.35#Ρ!Ο/0Φ47/3−!#&−.5)!874∃!37−.+.72−!78!&/+,74.+)!
ϕ/.1#5.2#Ρ!∗∋+.:#5)!&:7.1!.21.:.1/&5−!74!∃.274.+)!−/0Φ47/3−!874∃.2Φ!+,&+!<74(!
+,#∃−#5:#−!.2+7!&!37−.+.72!78!&/+,74.+)Ι!&21!∃&(#!1#∋.−.72−!+,47/Φ,7/+!+,#!<,75#!
347Γ#∋+≅!
!
Η,#!7+,#4!.2874∃&+.72!+,&+!∋&2!0#!14&<2!847∃!7/+!78!+,#!&2&5)−.−!.2!+,.−!∋,&3+#4!.−!
&!5.−+!78!+,#!∋4/∋.&5!−+&Φ#−!78!8.5∃∃&(.2Φ!+,&+!2##1!1#∋.−.72Κ∃&(.2Φ≅!Η,.−!+,#−.−!<.55!
3&4+.∋/5&45)!0#!∃&(.2Φ!/−#!78!+,.−!.2!&2&5)−.2Φ!+,#!+,#−.−!8.5∃∃&(.2Φ!347Γ#∋+−≅!=47∃!
&!∋7∃0.2&+.72!78!&55!+,#−#!347Γ#∋+−Ι!.+!∋&2!0#!−##2!+,&+!+,#!1#∋.−.72Κ∃&(.2Φ!&4#&−!.2!
8.5∃∃&(.2Φ!.2!Φ#2#4&5!&4#!&−!87557<−Ρ!
!
Χ≅ µ25.−+.2Φ!3&4+.∋.3&2+−!
Α≅ ς4#&+.2Φ!+,#!357+!
Ε≅ Ο+74)07&41.2Φ!
∆≅ ς&∃#4&<74(!
[≅ µ1.+.2Φ!
∴≅ ?7−+Κ3471/∋+.72!
]≅ >.−+4.0/+.72!
! δ[!
!
Η,#−#!−+&Φ#−!874∃!&!47/Φ,!−+4/∋+/4#!78!+,#!Ο<&4∃!ΗΠ!8.5∃∃&(.2Φ!347Γ#∋+−!
&2&5)−#1!.2!+,.−!+,#−.−≅!∗572Φ!<.+,!&2!.2.+.&5!5.−+!78!#∃#4Φ#2+!375.∋.#−!1#4.:#1!847∃!
+,#!+,#74#+.∋&5!∋72∋#3+−!+,&+!−/3374+!1.−+4.0/+#1!8.5∃∃&(.2Φ!.2!ς,&3+#4!Η<7Ι!+,#!
−+&Φ#−!<.55!0#!&173+#1!.2!+,#!∃#+,71757Φ)!874!+,.−!+,#−.−!&21!<.55!0#!1.−∋/−−#1!.2!
∃74#!1#+&.5!.2!+,#!2#Λ+!∋,&3+#4≅!
! !
!δ∴!
!
!
!
!
!
!
</∃5∋∗%+Ξ++.+ Θ∗∋/−6−9−42+
!
Ι)∋%−631∋0−)+
Μ2!+,#!34#:.7/−!∋,&3+#4−!78!+,.−!+,#−.−Ι!8.:#!8.#51−!78!(27<5#1Φ#!<#4#!#Λ3574#1!&21!
847∃!+,#−#!8.#51−Ι![!375.∋.#−!<#4#!1#4.:#1≅!∗5−7Ι!8.:#!73#2!8.5∃∃&(.2Φ!347Γ#∋+−!<#4#!
&2&5)−#1!&−!+7!+,#.4!Φ7:#42&2∋#!∃71#5−!&21!−#:#2!−+&Φ#−!78!+,#!8.5∃∃&(.2Φ!
347∋#−−!<#4#!.1#2+.8.#1≅!Ο7!Φ.:#2!+,.−!−#+!78!375.∋.#−!&21!347∋#1/4#−Ι!+,#!
∃#+,71757Φ)!/−#1!.2!+,.−!34&∋+.∋#Κ0&−#1!+,#−.−!<&−!+7!1#:#573!&!<#0−.+#!
#2:.472∃#2+!+,&+!07+,!8&∋.5.+&+#1!+,#−#!375.∋.#−!&21!<&−!&05#!+7!.2∋74374&+#!+,#!
1.88#4#2+!−+&Φ#−!<.+,.2!.+−!+#∋,2757Φ)≅!Η,.−!<#0−.+#!#2:.472∃#2+!.−!∋&55#1!Ο<&4∃!
ΗΠ!χ!!!∀#!∃%&∋(∀)∗∋ε≅!
!
=47∃!+,#!Χα!34.2∋.35#−!1#4.:#1!847∃!+,#!8.#51−!78!(27<5#1Φ#!.2!ς,&3+#4!Η<7!&21!
&2&5)−.−!78!73#2!8.5∃∃&(.2Φ!347Γ#∋+−!.2!ς,&3+#4!Η,4##Ι!−7∃#!78!+,#!Φ/.1#5.2#−!
4#5&+#!1.4#∋+5)!+7!+,#!+)3#!78!725.2#!#2:.472∃#2+!+,&+!.−!2##1#1≅!Ο7∃#!78!+,#!
Φ/.1#5.2#−!4#5&+#!+7!&∋+.:.+.#−!+,&+!&!∋7∃∃/2.+)!8&∋.5.+&+74!∃.Φ,+!−#+Ι!&21!−7∃#!78!
+,#!Φ/.1#5.2#−!&4#!Φ#2#4&5!Φ/.1#5.2#−!&07/+!,7<!∃#∃0#4−!−,7/51!+4#&+!7+,#4!
∃#∃0#4−≅!Η,.−!∋&2!0#!047(#2!17<2!&−!87557<−Ρ!
!
ϑ306∗90)∗#+∋/∃∋+0)893∗)1∗6+∋/∗+∋25∗+−8+∋∗1/)−9−42+∋/∗+!∗7#0∋∗+!∃#+7309∋+8%−&,+
Χ≅ ϕ#2#4&+#!2#<!.1#&−!χ34.2∋.35#!78!Μ1#&!Φ#2#4&+.72!847∃!+,#!375.∋)!78!
Ψ,.ϑ7∃&+.∋!+,.2(.2Φε!
Α≅ ς5/−+#4!.1#&−!&334734.&+#5)!χ34.2∋.35#!78!Μ1#&!∋5/−+#4.2Φ!847∃!+,#!375.∋)!78!
Ψ,.ϑ7∃&+.∋!+,.2(.2Φε!
Ε≅ Ο#5#∋+!+,#!0#−+!.1#&−!χ34.2∋.35#!78!Μ1#&!−#5#∋+.72!847∃!+,#!375.∋)!78!
Ψ,.ϑ7∃&+.∋!+,.2(.2Φε!
∆≅ %&(#!∋72+#2+!#1.+&05#!χ34.2∋.35#!78!ς72+#2+!6/&5.+)!847∃!+,#!375.∋)!78!
Σ3#22#−−ε!
[≅ Ο,&4#!<74(!+,&+!.−!172#!.21.:.1/&55)!0&∋(!.2+7!+,#!∋7∃∃/2.+)!χ34.2∋.35#!78!
Ω74(.2Φ!4#5&+.72−,.3−!847∃!+,#!375.∋)!78!ς755&074&+.72ε!
!
!δα!
ϑ306∗90)∗#+∋/∃∋+0)893∗)1∗+∋/∗+∋25∗+−8+∃1∋0(0∋0∗#+#∗∋+72+∋/∗+8∃1090∋∃∋−%,+
Χ≅ >#:#573!7+,#4!∃#∃0#4κ−!.1#&−!χ34.2∋.35#!78!Τ&44&+.:#!=57<!847∃!+,#!375.∋)!
78!Σ3#22#−−ε!!
Α≅ Σ3#2!/3!+,#!<74(!+7!&−!∃&2)!3&4+.∋.3&2+−!&−!37−−.05#!χ34.2∋.35#!78!
Μ2∋5/−.:.+)!847∃!+,#!375.∋)!78!Σ3#22#−−ε!
Ε≅ >.−∋/−−!4&+.72&5#!0#,.21!1.88#4#2+!73.2.72−!χ34.2∋.35#!78!Σ3.2.72!
&ΦΦ4#Φ&+.72!847∃!+,#!375.∋)!78!ς755&074&+.72ε!!
∆≅ Ω74(!+,47/Φ,!&−!∃&2)!78!+,#!−+4&+#Φ.∋!1#∋.−.72−!<.+,!+,#!<,75#!Φ47/3!&−!
37−−.05#!χ34.2∋.35#!78!Ο+4&+#Φ.∋!>#∋.−.72−!847∃!+,#!375.∋)!78!ς755&074&+.72ε!
[≅ >#:#573!∋4.+.∋&5!4#5&+.72−,.3−!.2!+,#!∋7∃∃/2.+)!χ34.2∋.35#!78!Ο/−3.∋.72!78!
37<#4!∃72Φ#4.2Φ!847∃!+,#!375.∋)!78!Τ72Κ,.#4&4∋,)ε!
∴≅ ∗∋+.:#5)!&:7.1!.21.:.1/&5−!74!∃.274.+)!−/0Φ47/3−!874∃.2Φ!+,&+!<74(!
+,#∃−#5:#−!.2+7!&!37−.+.72!78!&/+,74.+)!χ34.2∋.35#!78!ς5.6/#−!847∃!+,#!375.∋)!
78!Τ72Κ,.#4&4∋,)ε!!
]≅ Ο35.+!+&−(−!17<2!.2+7!∃.2.Κ+&−(−!+,&+!∋&2!0#!172#!0)!∃&2)!3&4+.∋.3&2+−!
χ34.2∋.35#!78!%/5+.35#!.2+#4&∋+.72−!847∃!+,#!375.∋)!78!Ο<&4∃!.2+#55.Φ#2∋#ε!
α≅ ?/05.∋.ϑ#!−/∋∋#−−#−!&−!<#55!&−!8&.5/4#−!χ34.2∋.35#!78!=##10&∋(!847∃!+,#!
375.∋)!78!Ο<&4∃!Μ2+#55.Φ#2∋#!!
!
ϑ306∗90)∗#+∋/∃∋+&∗&7∗%#+−8+∋/∗+1−&&3)0∋2+#/−396+1−)∋0)3∃992+7∗∃%+0)+&0)6,+
Χ≅ µ&∋,!∃#∃0#4!−,7/51!+&(#!8/55!4#−372−.0.5.+)!874!+,#!<,75#!347Γ#∋+!χ34.2∋.35#!
78!?7<#4!3,&2+7∃!847∃!+,#!375.∋)!78!Τ72Κ,.#4&4∋,)ε!
Α≅ ∗:7.1!17∃.2&+.2Φ!7+,#4−!χ34.2∋.35#!78!?7<#4!1.−+4.0/+.72!847∃!+,#!375.∋)!78!
Τ72Κ,.#4&4∋,)ε!
Ε≅ µ∃04&∋#!84#−,!3#4−3#∋+.:#−!χ34.2∋.35#!78!=5/∋+/&+.72!847∃!+,#!375.∋)!78!
Ο<&4∃!.2+#55.Φ#2∋#ε!
∆≅ _#!&−!+4&2−3&4#2+!&−!37−−.05#!χ34.2∋.35#!78!>#∋.−.72Κ∃&(.2Φ!4&+.72&5#!847∃!
+,#!375.∋)!78!Σ3#22#−−ε!
[≅ _#!∋7∃∃.++#1!+7!+,#!∋755&074&+.:#!347∋#−−!χ34.2∋.35#!78!ς755&074&+.:#!:&5/#!
847∃!+,#!375.∋)!78!ς755&074&+.72ε!
!
=47∃!+,#!8.4−+!−#+!78!Φ/.1#5.2#−Ι!+,#2Ι!+,#!<#0−.+#!2##1#1!+7!0#!&!+775!874!4,.ϑ7∃&+.∋!
+,.2(.2Φ≅!%#∃0#4−!2##1#1!+7!∋72+4.0/+#!+,#.4!.1#&−Ι!∋5/−+#4!+,#∃!&21!+,#2!−#5#∋+!
+,#!0#−+!78!+,#∃≅!Μ+!5#2+!.+−#58!+7!&!<#03&Φ#!<,#4#!∃#∃0#4−!∋7/51!#1.+!+#Λ+!72+7!&!
! δδ!
<#03&Φ#Ι!<,#4#!∃#1.&!#5#∃#2+−!∋7/51!0#!14&ΦΦ#1!&21!14733#1!&47/21!+,#!−∋4##2Ι!
&21!<,#4#!∋7∃∃#2+−!∋7/51!0#!∃&1#!&572Φ−.1#!#&∋,!∃#1.&!#5#∃#2+!72!+,#!3&Φ#≅!Μ+!
&5−7!.21.∋&+#1!+,&+!.+!−,7/51!0#!#&−)!874!∃#∃0#4−!+7!/357&1!1.88#4#2+!+)3#−!78!
∃#1.&!8.5#−≅!Η,#!1.88#4#2+!+)3#−!78!+#∋,2757Φ.#−!#Λ3574#1!+7!17!+,.−!&4#!27<!5.−+#1≅!
!
Ε−8∋!∃%∗+Α∗_30%∗&∗)∋#+
Ω,#2!%&4−,&55!%∋;/,&2!−&.1!!Σ#∃%&∃;21&%2(%∀#∃%&∃((.−∃!!χΧδ∴ΕεΙ!,#!<&−!27+!
+&5(.2Φ!&07/+!+,#!Μ2+#42#+!.2!Χδ∴ΕΙ!0/+!+,.−!.−!−+.55!Γ/−+!&−!+4/#!78!725.2#!
#2:.472∃#2+−≅!Η,#!∃#1./∃!78!&2!725.2#!#2:.472∃#2+Ι!&21!,7<!.+!.−!∋72−+4/∋+#1Ι!.−!
&!∃#−−&Φ#!+,&+!.−!∋7∃∃/2.∋&+#1!+7!.+−!&/1.#2∋#≅!Μ2!ΑΒΒ∴Ι!+#2!1.88#4#2+!+)3#−!78!
+#∋,2757Φ.#−!<#4#!.2−3#∋+#1!+7!−##!,7<!&334734.&+#!+,#)!∃.Φ,+!0#!874!+,#!
#2:.472∃#2+!874!+,.−!+,#−.−≅!Η,#−#!<#4#!=5&−,Ι!>.4#∋+74!χ;.2Φ7εΙ!ΟΠϕ⊥τ%;Ι!
?47∋#−−.2ΦΙ!?/4#1&+&⊥ϕ#∃Ι!%∗τ⊥∀.++#4Ι!?β?⊥∃)Ο|;Ι!∗Ο?Ι!∀&:&!&21!?)+,72≅!Η,#4#!
<#4#!37−−.0.5.+.#−!874!∋47−−7:#4−!0#+<##2!+,#−#!+#∋,2757Φ.#−Ι!0/+!8.:#!1#8.2.+#!
∋,&4&∋+#4.−+.∋−!<#4#!577(#1!&+Ρ!
Χ≅ Η,#!&0.5.+)!+7!35&)!:.1#7−γ!
Α≅ Ω,#+,#4!+,#!+#∋,2757Φ)!<&−!Σ3#2!Ο7/4∋#γ!
Ε≅ Ω,#+,#4!.+!<&−!&∋∋#−−.05#!72!+,#!Μ2+#42#+γ!
∆≅ Ω,#+,#4!.+!∋7/51!∋722#∋+!+7!&!1&+&0&−#γ!&21!&5−7!
[≅ Ω,#+,#4!∃#1.&!#5#∃#2+−!∋7/51!0#!14&ΦΦ#1!&47/21!+,#!−∋4##2!&−!1.−∋4##+!
70Γ#∋+−≅!
! !
!ΧΒΒ!
!
 Ability to play 
videos 
Open 
Source 
Internet 
Format 
Database 
Connection 
Object 
manipulation 
Flash !  ! ! ! 
Director !  ! ? ! 
SVG/XML ? ! ! ! ! 
Processing ? ! ! ? ! 
Puredata/Gem ! !   ! 
MAX/Jitter !    ! 
PHP/mySQL ! ! ! !  
ASP/Access !  ! !  
Java ! ? ! ! ! 
Python ! ! ! ! ! 
Γ∃79∗+>.;+Γ∗1/)−9−42+59∃∋8−%&+1∃5∃7090∋0∗#+∃#+−8+ΙΒΒΡ+
Ν=5&−,Θ!.−!34734.#+&4)≅!Ν;.2Φ7Θ!.−!+,#!5&2Φ/&Φ#!/−#1!0)!>.4#∋+74Ι!<,.∋,!.−!
34734.#+&4)!−78+<&4#Ι!&21!&+!+,#!+.∃#Ι!Ν?/4#1&+&⊥ϕ#∃Θ!1.1!27+!−/0−+&2+.&55)!#Λ.−+!
.2!&!<#0!874∃&+!χΝ;.5)Θ!<&−!−+.55!.2!0#+&!:#4−.72ε≅!Ν?47∋#−−.2ΦΘ!577(#1!347∃.−.2Φ!&−!
.+!8#5+!:#4)!−.∃.5&4!+7!Ν=5&−,ΘΙ!0/+!&+!+,#!+.∃#!78!∋,77−.2Φ!+,#!+#∋,2757Φ)Ι!.+!∋7/51!
27+!∋73#!:#4)!<#55!<.+,!:.1#7≅!_7+,!Ν?)+,72Θ!&21!ΝΨ/0)ΚΣ2ΚΨ&.5−Θ!<#4#!:#4)!
37<#48/5!73#2!−7/4∋#!5&2Φ/&Φ#−!&21!<#4#!07+,!/−#1!.2!1#:#573.2Φ!<#0!
&335.∋&+.72−≅!Μ2!+,#!#21Ι!?β?!<&−!73+#1!874Ι!&−!.+!.−!Σ3#2!Ο7/4∋#!&21!<&−!&5−7!∃74#!
∋7∃∃72!+,&2!+,#!7+,#4!+<7!5&2Φ/&Φ#−!72!+,#!Μ2+#42#+≅!Μ+!&5−7!,&1!+,#!&0.5.+)!+7!
∃&2.3/5&+#!70Γ#∋+−!72!&!<#03&Φ#!/−.2Φ!∀&:&Ο∋4.3+≅!
!
Σ2#!78!+,#!∃&.2!34#4#6/.−.+#−!<&−!+,&+!+#Λ+!∋7/51!0#!14&ΦΦ#1!&21!14733#1!&∋47−−!
+,#!−∋4##2≅!Μ2!741#4!+7!17!+,.−!.2!&!<#0!047<−#4!.+!.−!∋72:#2+.72&55)!1.88.∋/5+!<.+,.2!
&!274∃&5!βΗ%;!#2:.472∃#2+Ι!−7!1)2&∃.∋!βΗ%;!74!>βΗ%;!<&−!#Λ3574#1≅!Η,#4#!
<&−!&!∀&:&Ο∋4.3+!5.04&4)!<4.++#2!0)!Ω&5+#4!Ζ742!χ!!!∀!∃9∋∗%Ε−%)∀6∗Ι!%&4!ΑΒΧ∆ε!
+,&+!#2&05#1!#5#∃#2+−!+7!0#!14&ΦΦ#1!&21!14733#1!&∋47−−!+,#!−∋4##2!&21!+,.−!∋7/51!
0#!5.2(#1!/3!+7!&!1&+&0&−#!72!&!−#4:#4Ι!−7!+,&+!&∋+.72−!∋7/51!0#!−+74#1!∋#2+4&55)!&21!
&∋∋#−−#1!/2.:#4−&55)≅!Μ2!+,#!<#0−.+#!#2:.472∃#2+Ι!,7<#:#4Ι!.8!&2)!3#4−72!∃7:#1!
&2!70Γ#∋+!&47/21!+,#!−∋4##2Ι!+,.−!∃7:#∃#2+!<&−!−#2+!+7!+,#!∋#2+4&5!1&+&0&−#!&21!
<&−!+,#2!/31&+#1!874!7+,#4!<#0!/−#4−!<,7!2#Λ+!:.−.+#1!+,#!−.+#≅!!9−.2Φ!+,.−!∃#+,71Ι!
! ΧΒΧ!
+,#2Ι!+,#!#Λ3#4.#2∋#!78!4,.ϑ7∃&+.∋!+,.2(.2Φ!∋7/51!0#!4#∋4#&+#1!<.+,.2!&2!Μ2+#42#+!
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Data collected Why was it 
collected? 
From whom 
was it 
collected? 
When was it 
collected? 
How was it 
collected? 
How was it 
analysed? 
Web logs Used to judge 
the popularity 
of the use of 
the website in 
conjunction 
with the 
activities set 
in the 
filmmaking 
projects 
It was collected 
from the web 
hosting server 
Continually 
collected, mainly 
during the 
length of the 
project, but also 
during the start 
of one project 
and the start of 
the next project 
It was 
automatically 
collected as part 
of the service of 
the web host 
server 
It was used to 
generate charts 
and statistics 
about the project 
Database 
information on 
page reviews 
Used as a 
back up to the 
server 
weblogs, 
which were 
not always 
available 
This data was 
collected from 
the website 
database itself 
Continually (as 
above) 
The data is 
available from 
inspection of the 
appropriate 
table on the 
database 
Used to form 
charts about use 
of the website 
according to 
timed intervals of 
activities set 
Website 
contributions 
1. To see the 
frequency of 
contributions 
and 
participation 
& 2. To 
safeguard 
previous 
contributions 
if necessary 
Collected from 
the website 
database 
An email was 
sent whenever a 
change was 
made to the 
database 
Email was sent 
to Mackay from 
admin@swarmt
v.net 
During the project 
it would give 
Mackay a running 
gauge on how 
things were 
developing. Also, 
the frequency of 
contributions was 
charted. 
Communications 
from facilitator to 
participants 
All group 
emails were 
collected to 
document 
how the 
project was 
facilitated 
Collected from 
facilitator 
Collected as 
each email was 
sent to the 
project group 
Collected from 
the Sent Box of 
the facilitator's 
email account 
Used to 
document 
statistics of 
activities within 
the project 
Communications 
from participants 
to facilitator 
Useful as a 
feedback 
mechanism 
Any of the 
participants 
During the 
project and also 
after the project 
had officially 
ended 
Emails sent to 
Mackay were 
categorized 
according to the 
project name 
Used to find out 
how the project 
could improve 
Raw production 
material 
Collected to 
help morale & 
to create a 
resource for 
other 
participants to 
use 
Collected from 
participants  
Normally, 
collected at the 
end of set 
activities, but 
available to 
upload at any 
time 
Material could 
either be 
uploaded 
directly or sent 
to the facilitator 
Groups would 
inspect raw 
material for 
ideas, and 
moderation. 
Frequency could 
also be obtained 
Finished edits Finished edits 
proved the 
project to be 
successful 
Open to anyone 
to create a 
finished edit. 
Mostly however 
it was down to 
Mackay to do it 
technically. 
Collected at the 
end of the 
project 
It could be sent 
to the facilitator 
via YouSendIt or 
on a hard drive 
or it would 
already be in 
his/her 
possession 
Versions were 
reviewed and 
feedback from it 
was collected 
either by email, 
on the website or 
by word of 
mouth. 
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Germany 24 
Australia 19 
South Africa 14 
Belgium 6 
Spain 6 
United States 5 
Austria 4 
Greece 1 
India 1 
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